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PREFACE 
This dissertation consists of six chapters. The first chapter introduces the study giving the 
background and justification as well as the objectives. Chapter Two is a review of the 
literature relevant to the study. The following three chapters consists of three specific 
experiments presented in paper format, each with an abstract, introduction, specific 
objectives, materials and methods, results and a brief discussion, and conclusion. Chapter Six 
discusses the main findings from the experiments outlined in Chapter Three to Five, as well 
as the general conclusion and recommendations for future studies. All the literature cited in 
this study is listed in the reference list. Appendices, containing outputs of statistical analyses 
of data, are presented at the end of the dissertation. 
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ABSTRACT 
Cultivating oyster mushrooms (Pleurotus ostreatus) could have multiple advantages. For 
example, it can contribute to food security and malnutrition eradication, as a source of 
healthy and nutritionally rich food. Feeding on lignocellulosic crop/plant residues, these 
mushroom species also convert waste materials into a wide diversity of products which have 
multi-beneficial effects to human beings: serving as animal feed and fertiliser, and for 
protecting and regenerating the environment. Therefore, objectives of the current research 
were (1) to investigate the use of the rapidly increasing alien plants (Acacia spp.) in South 
Africa in cultivating of oyster mushroom for dual benefits, income generating and controlling 
the population of the alien (invasive) plants; (2) to evaluate the use of pineapple residue in the 
Eastern Cape as sole substrate or as a supplement in the cultivation of oyster mushroom; (3) 
to determine the effect of mushroom spent substrate, as organic growing media, on growth of 
tomatoes and controlling nematode population.  
 
In an experiment to investigate yield performance of oyster mushroom (Pleurotus ostreatus 
HK 35) grown on three acacia species [black wattle (BW: Acacia mearnsii) , silver wattle 
(SW: A. dealbata) and green wattle (GW: A. decurrens)] used as substrates either mixed with 
50% maize bran (MB) or 50% wheat straw (WS). Fifty percent of the treatments were soaked 
in 3% lime over a period of 12 hours (+lime). The same quantity of substrate without lime 
was used as a control (-lime). The total yield and performance of the substrate were compared 
with WS, the commonly used substrate in South Africa. All treatments yielded statistically 
less than WS when compared. The highest biological efficiencies, 76 and 67%, were recorded 
for the SW+WS+Lime and BW+WS+Lime treatments, respectively.  The treatments that 
included MB, as well as BW and GW-lime were not suitable for mushroom growth, resulting 
in zero biological efficiency. The mushroom fruit body protein content ranged from 2.33-
4.82% on a fresh weight basis. The lowest mushroom protein content (2.3%) was registered 
for the wheat straw based treatment, whereas GW + WS-lime had the highest (4.82%). 
Amongst the wattles (BW, SW and GW) the protein content ranged from 3.64 to 4.26%. 
Soaking in lime increased the biological efficiency and substrate pH. There was a negative 
correlation (r = -0.65) between yield and protein content. The results indicate that black 
wattle and silver wattle have the potential to be used as supplements to grass based substrates 
for oyster mushroom production in improving protein content.  
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Oyster mushroom can utilize a wide range of substrates including pineapple crop residue. In 
the second experiment oyster mushrooms were produced on pineapple plant vegetative 
material as sole substrate or mixed with maize stalk substrate. From the results it can be 
concluded that a grower can use pineapple vegetative material to supplement maize substrate 
in obtaining high yield and biological efficiency within a short period of time. However, 
protein content of oyster mushrooms may be reduced if pineapple plant residues are used as a 
component of the substrate. The use of cadmium-contaminated pineapple vegetative material 
as a substrate supplement to maize stalk based substrate at 1:1 in oyster mushroom cultivation 
reduces the level of cadmium in the fruiting body to tolerable levels, depending on levels 
initially present and the proportion of contaminated material in the final substrate mixture. 
After the mushroom crop has been harvested the spent mushroom substrate can be utilized for 
various purposes. In the utilization of spent mushroom substrate for plant growing media 
experiment, the oyster mushroom spent substrate was mixed with organic soil for the 
cultivation of tomato plants (Solanum lycopesicum).  In addition, the effect of composted and 
non-composted spent substrates on population of plant pathogenic nematodes was tested. 
There was no significant difference observed between the control and the composted spent 
mushroom substrate treatment in terms of dry matter yield. Both the composted spent 
mushroom substrate and the control were significantly different from the un-composted spent 
mushroom treatment. However, symptoms of nematode attack were found on the control 
plants but not on the plants grown on composted and non-composted spent substrate 
treatments. The number of bacterovores and fungivores was higher in the spent substrate 
treatments than that in the control.  
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CHAPTER 1 
GENERAL INTRODUCTION 
INTRODUCTION 
Oyster mushrooms (Pleurotus ostreatus) are delicate woodland fungi native to many 
temperate and tropical forests throughout the world (Stamets, 2000). They are also widely 
cultivated internationally on a variety of agricultural waste products (Poppe, 2004). 
Mushrooms contain rich vitamins and minerals that are essential for metabolism in the human 
body. They contain all the eight essential amino acids which the human body cannot 
synthesize (Dongmei and Zhanxi, 2011). The rapid development of the mushroom industry is 
one of the effective ways to increase food supply and solve the problem of protein shortage 
for the whole mankind, especially for developing countries. 
 
Lacking chlorophyll, mushrooms cannot carry out photosynthesis to produce their own food 
(Chang, 2011). Thus, they rely on organic material synthesized by plants or animals. The 
organic materials on which the mycelia grow or from which the mushrooms derive their 
nutrition are called ‘‘substrates” (Poppe, 2004; Chang 2011). Cellulose, hemicelluloses and 
lignin are the main nutritional sources for oyster mushroom.  
 
The composition of substrates and supplements for mushroom growth vary with variation in 
the weather conditions, post-harvest handling and processing (Oei, 2003). Accordingly 
different materials are available at different prices in different regions, and it would be 
impossible to say that there exists a single best mixing formula of substrate that would 
perfectly satisfy all growers (Kwon and Kim, 2004). For each environmental and societal 
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condition, there is need to identify suitable and readily available substrate material that can be 
used for oyster mushroom production to ensure sustainable production. 
 
Mushroom production provides an opportunity to use alien invasive plant species and heavy 
metal contaminated pineapple plant residues. A report on assessing growth of oyster 
mushroom on Acacia trees indicated that Acacia plants could be utilised for growing oyster 
mushroom (Damask, 2011). Mushrooms belonging to the genus Pleurotus have extensive 
enzymatic systems that render them the capability of utilizing complex organic compounds 
that occur as agricultural wastes and industrial by-products (Baysal et al., 2003). Acacia 
species constitute a large number of invasive plants in South Africa (Moyo et al., 2009). 
Using Acacia species for mushroom production can, therefore, make a significant 
contribution to the control of these weeds, and toward the protection of natural resources and 
sensitive ecosystems.  
 
Mushrooms mycelia also offer intriguing opportunities in the area of bio conservation 
through the exploitation of their ability to degrade pollutants, many of which are highly 
carcinogenic, released into the environment as a result of human activity (Chang, 2011). 
These fungi have the ability to absorb heavy metals directly into their tissues when grown in 
polluted environments (Stamets, 2000). This process is referred to as mycorestoration and 
involves the use of mushrooms for mycofiltration to filter water; mycoforestry, to enact 
ecoforestry policy; mycoremediation, to denature toxic waste and mycopesticides, for the 
control of insect pests (Chang, 2011). 
 
After the mushroom crop has been harvested, the spent substrate can be used as compost in 
potting soil mixes for growing horticultural crops (Lopez Castro et al., 2008); as soil 
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enrichment in agricultural fields or landscapes (http://cropsoil.psu.edu); as a casing material 
in the cultivation of Agaricus crops; as growing media in vermiculture; for remediation of 
contaminated water in wetlands; in stabilizing severely disturbed soils; in the bio-remediation 
of contaminated soils; as a bedding and feed for animals; and to control plant diseases 
(Rinker, 2002). Oyster mushrooms have been reported to produce substances that inhibit 
nematodes (Thorn and Barron, 1984). Therefore, there is need to investigate the effect of the 
spent oyster mushroom substrate as a means of combating plant parasitic nematodes in crop 
production. 
 
Oyster mushroom cultivation could provide a workable solution to most pressing socio-
economic challenges in local communities of South Africa and in the broader sub-Saharan 
African region (Chang, 2011). Increased production of edible and medicinal mushrooms is 
also a worthwhile goal (Chang, 2011). An interesting and useful aspect of mushroom 
cultivation is that the organic wastes used as nutrients for the cultivation of mushrooms are 
abundant, especially in areas where there are a lot of agricultural residues. They are 
frequently detrimental to the environment in that they contribute to pollution (Chang and 
Miles, 2004). 
 
South Africa is faced with a challenge of rapidly increasing alien Acacia species. These are 
fast growing leguminous (nitrogen fixing) trees, introduced from Australia to South Africa as 
a commercial source of tannins and a source of fire wood for local communities (Chaumbi, 
1997). Alien species are now taking over riparian ecosystems because of their dynamic 
hydrology, nutrient levels, and ability to disperse large numbers of seeds (Moyo, 2010). 
“Invasive alien plants inflict a significant cost on the South African economy, and exacerbate 
poverty” (Hope, 2006).  
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There is a relative scarcity of natural forests in South Africa due to the impact of repeated 
fires that have contributed to the establishment and growth of commercially grown alien 
species (Hope, 2006). Acacia mearnsii ranks first in water use among invasive species, using 
25% of the total amount, and is estimated to reduce mean annual runoff by 7% in South 
Africa (Dye and Jarmain 2004). The control of alien plant species is expensive but control 
programs are cost effective compared to alternative water supply schemes (Le Maitre et al., 
2000). The ability of this species to rapidly spread is partly due to its ability to produce large 
numbers of long-lived seeds and the development of a large crown that shades over other 
vegetation (Moyo et al., 2009). 
 
Vegetable tannin extracts (also known as wattle extracts) are used as tanning agents to 
convert skins into leather in aqueous solution (Hillis, 2007a). In all acacias the tannins are 
located mainly in the bark (Hillis, 2007b). Tannins occur commonly in the wastewater from 
forestry, paper and leather industry. They are highly soluble in water and are able to inhibit 
growth of microbes not resistant to them (Hillis, 2007c).  
 
Rainfed-production of mainly 'Smooth Cayenne' pineapples in the Eastern Cape, South 
Africa, for canning and export is a long-standing industry.  In recent years, the profitability of 
the industry in the Eastern Cape has faced several challenges, including the suspected 
contamination of soils and the fruit through the unwitting use of allegedly contaminated 
imported nitrogenous fertilizer and currently the subject of litigation (Hill and Freaser, 2011).  
Higher than permissible levels of the heavy metal cadmium, were found in some of the fruit. 
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Pineapple plant residue at the end of the cropping cycle can be utilized as substrate on which 
oyster mushrooms are cultivated.  It is relatively abundant. The sustainable use of the 
pineapple material as a sole substrate or as a supplement in the cultivation of oyster 
mushrooms could contribute toward food security and the creation of employment 
opportunities (Khonga, 2003).  
 
Therefore, the objectives of the present study were to test suitability of pineapple crop 
residue, and three invasive Acacia species for mushroom production and the use of spent 
mushroom substrate in mix with soil for pot cultivation of plants, and if it will have any effect 
on plant parasitic nematode control. 
 
To achieve the set objectives, the following studies were conducted: 
1. The use of invasive alien species as an alternative substrate in the cultivation of 
Pleurotus ostreatus (Chapter 3). 
2. Cadmium levels in oyster mushrooms produced on cadmium-contaminated pineapple 
plant material used as sole substrate or to supplement maize as substrate (Chapter 4).  
3. Utilization of spent oyster mushroom substrate for potted plant cultivation and its 
effect on population of plant parasitic nematodes (Chapter 5).  
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CHAPTER 2 
LITERATURE REVIEW 
2.1 BACKGROUND TO MUSHROOMS 
“Mushroom is a macro fungus with a distinctive fruiting body, which can be either epigeous 
or hypogeous, large enough to be seen with naked eye and to be picked by hand”(Chang and 
Miles, 1992). Mushrooms are neither plants nor animals and belong to their own kingdom 
called fungi (Chang, 2011). They depend on other organisms for their food. There are three 
fundamental modes of living namely saprophytes which degrade already dead material, 
symbionts which live together with other organisms to form mutually beneficial relationship 
and parasites that live at the expense of other organisms (Oei, 2003). For example Pleurotus 
spp. are saprophytes and broadly classified as white rot fungi. Due to this nature they can 
easily be cultivated on numerous types of plant material (Poppe, 2004) 
 
Taxonomy of Pleurotus 
Pleurotus ostreatus is the species type for the genus Pleurotus represented by a large 
complex of species, subspecies, varieties and strains (Labuschangne, 1998). Various species 
of Pleurotus are popularly called oyster mushroom because of the nature of their basidiomes. 
Oyster mushrooms can be classified as follows (Oei, 2003; Chang, 2011): 
Kingdom: Fungi 
Phylum: Basidiomycota 
Class:  Agaricomycetes 
Order:  Agaricales 
Family: Pleurotaceae 
Genus:  Pleurotus 
Species: ostreatus 
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Species within the genus Pleurotus are characterized by a basidiome with an eccentric stalk 
attached to the pileus, which opens up like a shell during morphogenesis, hence they are 
popularly called oyster mushrooms (Figure 2.1). This characteristic stalk can be short or long 
or even absent. The basidiomes appear in cluster or individually. The caps of different oyster 
mushroom species and strains have different colours, e.g. white, grey, brown, yellow or pink 
and even blue. The underside of the fruiting body has gills, which produce basidiospores. 
These spores, when in abundance within growing rooms, can be inhaled and cause health 
problems in humans (Stamets, 2000). 
 
The classification of species within the genus Pleurotus is difficult due to high phenotypic 
variability across wide geographic ranges, geographic overlaps of species and ongoing 
evolution and speciation. Paul Kummer defined the genus Pleurotus in 1871; since then, the 
genus has been narrowed with species moving to other genera such as Favolaschia, 
Hohenbuehelia, Lentinus, Marasmiellus, Omphalotus, Panellus, Pleurocybella, and 
Resupinatus (Singer, 1986)  
Phylogenetic species 
The following species list is organised according to phylogenetic clade, intesterility group 
(group number in roman numerals) or sub-clade and any older binomial names that have been 
found to be closely related, reproductively compatible or synonymous. 
 P. ostreatus clade (Vilgalys et al., 1996) 
 I. P. ostreatus /oyster or pearl oyster mushroom 
 P. florida (Gonzalez and Labarère, 2000) 
 II. P. pulmonarius /phoenix or Indian oyster mushroom (Vilgalys et al., 1996) 
 P. columbinus (Gonzalez and Labarère, 2000) 
 P. sapidus 
 III. P. populinus (Vigalys and Sun, 1994) 
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 VI. P. eryngii / king oyster mushroom (Vigalys and Sun, 1994) 
 P. ferulae 
 P. fossulatus (Vigalys and Sun, 1994) 
 P. nebrodensis (Alma et al., 2010) 
 XII. P. abieticola (Vilgalys et al., 1996) 
 XIII. P. albidus (Peterson et al., 2011) 
 P. djamor-cornucopiae clade (Vilgalys et al., 1996) 
 VI. P. cornucopiae /branched oyster mushroom 
 P. citrinopileatus / golden oyster mushroom 
 P. euosmus  /tarragon oyster mushroom 
 V. P. djamor /the pink oyster mushroom 
 P. flabellatus 
 P. salmoneo-stramineus 
 P. salmonicolor 
 XI. P. opuntiae (Vilgalys et al., 1996) 
 XVI. P. calyptratus 
 P. cystidiosus clade (Gonzalez and Labarère, 2000) 
 VII. P. cystidiosus /abalone mushroom 
 P. abalonus 
 P. fuscosquamulosus 
 P. smithii 
 XI. P. dryinus 
 VIII. P. levis (Peterson et al., 2011) 
 X. P. tuber-regium /king tuber mushroom (Vilgalys et al., 1996) 
 XIV. P. australis /brown oyster mushroom 
 XV. P. purpureo-olivaceus (Peterson et al., 2011) 
 P. rattenburyi 
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Figure 2.1 Oyster mushroom: a and b; fruiting bodies (different views), c; spores and d; 
basidium and immature spores (Hood, 1992) 
2.2 NUTRITIONAL AND MEDICINAL VALUE OF OYSTER MUSHROOMS 
Oyster mushrooms also referred to as the white rot fungus are healthy food because they 
contain a large amount of high quality proteins, which are intermediate between that of 
animals and vegetables (Buah et al., 2010). The proteins of oyster mushrooms contain all the 
essential amino acids required in the human diet, as well as commonly occurring non-
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essential amino acids and amides (Oei, 2003). Reports indicate that protein content of the 
cultivated species ranges from 1.75 to 5.9% of their fresh weight (Chang, 2011) and 15-35% 
on a dry weight basis (Stamets, 2000). In general, the protein content is twice that of onion 
(1.4%) and cabbage (1.4%) and twelfth times that of apples (0.3%) (Chang, 2011). In 
addition, oyster mushrooms are rich in fibre (7.5%), minerals and vitamins (B1, B2, and C). 
They have a relatively low fat content, ranging from 1 to 7.5% (Table 2.1) on a dry mass 
basis (Breene, 1990; Feeney, 2008) and a potassium content as high as 306 mg/100 g dry 
mass (Stamets, 2000). Oyster mushroom has higher iron than other mushrooms (Table 2.1). 
Table 2.1 Mushroom nutritional information/84 g raw mushrooms (Feeney, 2008) 
Nutrient  White Crimini Portabella Enoki Oyster Maitake Shiitake 
Calories  18 23 22 37 29 31 37 
Fat gm 
(%Daily value) 
0.3 
(1%) 
0.1 
(0%) 
0.2 
(0%) 
0.3 
(1%) 
0.3 
(1%) 
0.2 
(0%) 
0.3 
(1%) 
Total Carbohydrates gm 
(% Daily Value) 
2.8 
(1%) 
3.5 
(1%) 
4.3 
(1%) 
6.4 
(2%) 
5.4 
(2%) 
5.7 
(2%) 
6 
(2%) 
Total Fiber gm 
(% Daily Value) 
0.8 
(3%) 
0.5 
(2%) 
1.3 
(5%) 
2.3 
(9%) 
1.9 
(8%) 
2.3 
(9%) 
2.9 
(11%) 
Protein gm 
(% Daily Value) 
2.6 
(5%) 
2.1 
(4%) 
2.1 
(4%) 
2.1 
(4%) 
2.8 
(6%) 
1.6 
(3%) 
2.7 
(5%) 
Sodium mg 
(% Daily Value) 
4 
(0%) 
5 
(0%) 
5 
(0%) 
3 
(0%) 
15 
(0%) 
1 
(0%) 
4 
(0%) 
Riboflavin mg 
(% Daily Value) 
0.3 
(18%) 
0.4 
(24%) 
0.4 
(24%) 
0.1 
(6%) 
0.3 
(18%) 
0.2 
(12%) 
0.2 
(12%) 
Niacin mg 
(% Daily Value) 
3 
(15%) 
3.2 
(16%) 
3.8 
(19%) 
4.9 
(25%) 
4.2 
(21%) 
5.5 
(28%) 
3 
(15%) 
Copper mg 
(% Daily Value) 
0.3 
(15%) 
0.4 
(20%) 
0.3 
(15%) 
0.1 
(5%) 
0.2 
(10%) 
0.2 
(10%) 
0.1 
(5%) 
Pantothenic Acid mg 
(% Daily Value) 
1.2 
(12%) 
1.3 
(13%) 
1.3 
(13%) 
0.9 
(9%) 
1.1 
(11%) 
0.2 
(2%) 
1.1 
(11%) 
Selenium ug (mcg) 
(% Daily Value) 
7.8 
(11%) 
21.8 
(31%) 
9.2 
(13%) 
1.8 
(3%) 
2.2 
(3%) 
1.8 
(3%) 
4.9 
(7%) 
Potassium mg 
(% Daily Value) 
267 
(8%) 
376 
(11%) 
407 
(12%) 
309 
(9%) 
353 
(10%) 
171 
(5%) 
254 
(7%) 
Thiamin mg 
(% Daily Value) 
0.1 
(7%) 
0.1 
(7%) 
0.1 
(7%) 
0.1 
(7%) 
0.1 
(7%) 
0.1 
(7%) 
0.1 
(7%) 
Vitamin B6 mg 
(% Daily Value) 
0.1 
(5%) 
0.1 
(5%) 
0.1 
(5%) 
0.1 
(5%) 
0.1 
(5%) 
0.1 
(5%) 
0.1 
(5%) 
Vitamin D IU 
(% Daily Value) 
15 
(4%) 
No data No data No data No data No data No data 
Folate ug (mcg) 
(% Daily Value) 
13 
(3%) 
12 
(3%) 
18 
(5%) 
44 
(11%) 
23 
(6%) 
24 
(6%) 
11 
(3%) 
Magnesium mg 
(% Daily Value) 
8 
(2%) 
8 
(2%) 
9 
(2%) 
13 
(3%) 
15 
(4%) 
8 
(2%) 
15 
(4%) 
Zinc mg 
(% Daily Value) 
0.4 
(3%) 
0.9 
(6%) 
0.5 
(3%) 
0.5 
(3%) 
0.6 
(4%) 
0.6 
(4%) 
0.7 
(5%) 
Iron mg 
(% Daily Value) 
0.4 
(2%) 
0.3 
(2%) 
0.5 
(3%) 
0.9 
(5%) 
1.1 
(6%) 
0.2 
(1%) 
0.4 
(2%) 
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2.3 COMMON SUBSTRATES USED FOR OYSTER MUSHROOM CULTIVATION 
Unlike plants, mushrooms lack chlorophyll to carry out photosynthesis to produce their own 
food. They rely on organic material synthesized by plants or animals for nutrition. The 
organic matter on which the mushroom mycelia grow from and from which they derive their 
nutrition is called ‘‘substrate”. A major challenge in oyster mushroom production to rural 
growers appears to be choice of substrate as there is a lack of information in this regard (Shah 
et al., 2004). 
 
Different agricultural waste material can be utilized for the growing of oyster mushrooms. 
Poppe (2004) suggested that over 200 agro-industrial and wood industry waste materials 
could be used in the cultivation of oyster mushrooms. Several reports confirm the use of 
various lignocelulosic materials in oyster mushroom cultivation. Shah et al. (2004) compared 
the performances of oyster mushrooms grown on different substrates (wheat straw, leaves 
and sawdust of kikar wood). The results showed that sawdust alone produced the highest 
biological efficiency (64.69%), followed by a mixture of 75% sawdust and 25% leaves 
(62.09%). Wheat straw alone and leaves alone, on the other hand, had the lowest biological 
efficiencies (57.85 and 21.05%, respectively).  
In an experiment conducted to test the use of groundnut shells for the cultivation of oyster 
mushroom, Masenda (2004) noted that addition of supplements such as wheat bran and 
cottonseed hulls made the substrate more compact and increased the biological efficiency to 
200%. However, the use of groundnut shells alone resulted in a low biological efficiency 
(67%). In Zimbabwe the use of groundnut shells as animal feed is not popular when 
compared to cereal straws and legume stovers, for example (Masenda, 2004). Thus, it can be 
used with less competition from the livestock industry. 
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Shredded office paper and cardboard have been used in the cultivation of oyster mushrooms 
and resulted in higher yields and crude protein in fruit bodies compared to that of oyster 
mushrooms grown on white sawdust and plant fibre of fascicled brome (Bromus fasciculatus)  
(Mandeel et al ., 2005). Sharma and Madan (1993) tested the biodegradation of leguminous 
and non-leguminous organic materials by P. sajor-caju and P. osteratus, and discovered 
higher protein content in fruit bodies when the mushrooms were grown on leguminous 
substrate.  
 
Invasive aquatic plants, such as waterhycinth, and colonial rhizomatous perennial plants, such 
as cattail, have also been proven to provide economically acceptable substrates for oyster 
cultivation (Nageswaran et al., 2003; Vetayasuporn, 2007). Similarly, Nguyen (2004) 
reported positive results (an increase in yield between 23 and 50%) on the use of sawdust of 
rubber tree in oyster mushroom cultivation. However, the choice of substrate for oyster 
mushrooms cultivation depends on constant supply/availability of the plant material to insure 
sustainable production (Kwon and Kim, 2004). For example, in Vietnam rubber tree sawdust 
(Nguyen, 2004), in Moritus sugarcane bargasse (Taurachand, 2004) and in South Africa 
wheat straw (Labauschagne, 1998) are commonly used substrates. In China cotton seed hulls 
are commonly used as substrate (Qian, 2004). 
 
Different substrates have been reported to have been used in oyster mushroom cultivation and 
some of these substrates are given in Table 2.2. 
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Table 2.2 Substrates used for oyster mushroom cultivation 
Pleurotus spp. Substrate Biological 
efficiency (BE) (%)
Reference
P. ostreatus 100% cattails + 15% Effective microoganisms 44.67 Vetayasuporn, 2007
Pleurotus spp. Alang-alang grass (Imperata cylindrical ) na Poppy, 2004
Pleurotus spp. Azolla (fast growing fern in Asia) na Poppy, 2004
Pleurotus spp. Banana leaves na Poppy, 2004
Pleurotus spp. Banana pseudostems na Poppy, 2004
Pleurotus spp. Barley straw 96 Poppy, 2004
Pleurotus spp. Bean pods na Poppy, 2004
Pleurotus spp. Brassica-haulms (Brassica napus ) na Poppy, 2004
P. eryngii
Burma reed(66), corn flour(5), soy meal(3), wheat bran(23), 
CaCO3(2), CaSO4(1)
62.71 Zeng et al ., 2012
Pleurotus spp. Cactus, Agave and Yucca Na Poppy, 2004
P. sajor-caju Cardboard 77.9 Mandeel et al ., 2005
Pleurotus ostreatus Cardboard 117.5 Mandeel et al ., 2005
Pleurotus spp. Cinnamon leaves 82 Poppy, 2004
Pleurotus spp. Citrus fruit peels Na Poppy, 2004
P. cystidiosus Coconut husks na Poppy, 2004
P. ostreatus (IE-38) Coffe pulp 71.6 Salmones et al ., 2005
P. pulmonarius (IE-
137)
Coffe pulp 50.3 Salmones et al ., 2005
P. djamor (IE-21) Coffee pulp 40.2 Salmones et al ., 2005
P. florida Corn cob 75 Naraian et al ., 2009
Pleurotus spp. Corn stalks na Poppy, 2004
Pleurotus ostreatus Corncob 91.21 Buah et al ., 2010
Pleurotus spp. Cotton seed hulls na Poppy, 2004
Pleurotus sajor-
caju
Cotton stalk 41.42
Ragunathan and 
Swaminathan, 2003
Pleurotus platypus Cotton stalk 33.04
Ragunathan and 
Swaminathan, 2003
Pleurotus 
citrinopileatus
Cotton stalk 32.69
Ragunathan and 
Swaminathan, 2003
Pleurotus spp. Cotton straw silage Na Poppy, 2004
Pleurotus spp. Cotton wastes 56-86 Poppy, 2004
Pleurotus spp. Elephant grass na Poppy, 2004
P. sajor caju Groundnut shells na Poppy, 2004
P. ostreatus Gum-wood sawdust na Poppy, 2004
Pleurotus sajor caju Lantana (sterilized) 36 Vats et al ., 1994
Pleurotus ostreatus Leaves of European aspen 12.9 Yildiz et al ., 2002
Pleurotus ostreatus Leaves of European aspen + wheat straw(50 +50) 68.9 Yildiz et al ., 2002
Pleurotus ostreatus Leaves of tilia 2.7 Yildiz et al ., 2002
Pleurotus ostreatus Leaves of tilia + wheat straw (50 +50) 21.8 Yildiz et al ., 2002
Pleurotus spp. Legume straws na Poppy, 2004
Pleurotus spp. Lemon grass leaves 113 Poppy, 2004
P. sajor caju Maize straw 52 Poppy, 2004
Pleurotus spp. Manic stipes and leaves, Cassva manihotis na Poppy, 2004
Pleurotus spp. Oat straw na Poppy, 2004
P. eryngii Olive oil mill wastes 46 Zervakis et al ., 1996
P. pulmonarius Olive oil mill wastes 10 Zervakis et al ., 1996
P. sajor-caju Paper 47 Mandeel et al ., 2005  
na : no BE data available   
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Table 2.2 Continued. 
Pleurotus spp. Substrate Biological 
efficiency (BE) (%)
Reference
Pleurotus ostreatus Paper 112.4 Mandeel et al ., 2005
Pleurotus spp. Pea haulms na Poppy, 2004
P. ostreatus var. 
salignus
Peanut straw 24.8 Yildiz et al., 1997
Pleurotus spp. Pepper leaves 57 Poppy, 2004
Pleurotus spp. Potato foliage na Poppy, 2004
Pleurotus spp. Pure bagasses 15 Poppy, 2004
Pleurotus spp. Reed (Phragmite communis ) na Poppy, 2004
Pleurotus ostreatus Rice stalk + wheat straw (50 +50) 46.4 Yildiz et al ., 2002
P. sajor-caju Rice straw (chopped) 106.8 Zhang et al ., 2002
P. sajor-caju Rice straw (ground) 128.8 Zhang et al ., 2002
Pleurotus spp Roadside grasses na Poppy, 2004
P. (flabellatus) 
djamor
Sawdust (Kail) 50.12 Khan et al ., 2012
P. (flabellatus) 
djamor
Sawdust (Kikar) 70.56 Khan et al ., 2012
P. (flabellatus) 
djamor
Sawdust (Mango) 64.13 Khan et al ., 2012
P. (flabellatus) 
djamor
Sawdust (Simbal) 54.12 Khan et al ., 2012
P. eryngii
Sawdust(14), cottonseed hulls(12), Burma reed(40), corn 
flour(5), soy meal(3), wheat bran(23), CaCO3(2), CaSO4(1)
68.43 Zeng et al ., 2012
P. eryngii
Sawdust(36), cottonseed hulls(30), corn flour(5), soy meal(3), 
wheat bran(23), CaCO3(2), CaSO4(1)
70.02 Zeng et al ., 2012
P. sajor caju Sesame stems na Poppy, 2004
P. ostreatus Solid waste (100) 0
Isikhuemhen and 
Mikiashvilli, 2009
P. sajor caju Sorghum stover na Poppy, 2004
P. sajor caju Soybean stems 77 Poppy, 2004
P. ostreatus var. 
salignus
Soybean straw 21.9 Yildiz et al., 1997
Pleurotus spp. Spent Volvariella compost 80 Poppy, 2004
P. sajor caju Spent Volvariella  compost 80 Poppy, 2004
Pleurotus spp. Subtropical forest dead leaves 35 Poppy, 2004
Pleurotus spp. Sunflower husks na Poppy, 2004
Pleurotus 
cornucopiae
Switch grass 16.8 Royse et al ., 2004
Pleurotus ostreatus Thatch grass 48.6 Fanadzo et al ., 2010
Pleurotus spp. Treebark na Poppy, 2004
P. sajor caju Uncrumpled rice straw 85 Poppy, 2004
Pleurotus spp.
Vegetable biomass from bitter gourd, chili, cowpea, French 
beans, winged bean, pumpkin, tomato and okra
na Poppy, 2004
Pleurotus spp. Water hycinth 50 Poppy, 2004
P. sajor caju Water spinarch na Poppy, 2004
P. sajor-caju Waterhyacinth 65 Nageswaran et al ., 2003
P. florida Wheat straw 81.9
Tikdari and Bolandnazar, 
2012
P. ostreatus var. 
salignus
Wheat straw 17.5 Yildiz et al., 1997
P. sajor-caju Wheat straw 94.7 Zhang et al ., 2002
P. florida Wheat straw + alfalfa (7.5%) 104.21
Tikdari and Bolandnazar, 
2012
P. florida Wheat straw + soybean meal (7.5%) 75.86
Tikdari and Bolandnazar, 
2012
P. ostreatus Wheat straw(50) + Solid waste(50) 19.4
Isikhuemhen and 
Mikiashvilli, 2009
P. ostreatus Wheat straw(80) + millet(20) 64.7
Isikhuemhen and 
Mikiashvilli, 2009
Pleurotus spp. Wood logs na Poppy, 2004
Pleurotus spp. Wood shavings na Poppy, 2004
Pleurotus spp. Wood waste na Poppy, 2004  
na : no BE data available   
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2.4 MINERAL COMPOSITION AND PH LEVEL OF SUBSTRATES 
2.4.1 Nitrogen content 
The nitrogen found in different substrates and supplements is an essential element for cellular 
functions, growth and various metabolic activities, particularly protein synthesis of 
mushrooms. Nitrogen content in most cereals are too low for oyster mushroom production. 
Therefore, such substrates should be supplemented with nitrogen-rich plant materials 
(Fanadzo et al., 2010). At the time of fructification, when most of the nutrients are utilized 
for mycelial growth, the nitrogen in the substrate may become inadequate and limit 
mushroom yield (Cha et al., 1997). In experiments conducted by Sharma and Madan (1993), 
protein content was higher in substrates containing higher proportion of nitrogen rich plant 
material, suggesting that nitrogen is essential for protein synthesis. However, extremely high 
nitrogen (for example, a higher than 25% inclusion rate of maize bran) can have a negative 
effect on yield (Fanadzo et al., 2010). Baysal et al. (2003) reported that the fastest spawn run 
for P. ostreatus on waste paper, a poor source of nitrogen, was achieved by increasing the 
rice husk supplement. This suggests that supplementation is essential for some substrates, and 
the levels of supplementation need to be evaluated to come up with the ideal rates for 
particular substrates. Different substrates have different nitrogen levels (Table 2.3) and 
substrates with higher nitrogen content can be used to supplement low nitrogen content 
substrate to optimize yield and biological efficiency (Fanadzo et al., 2010). 
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Table 2.3 Analysis of basic material used in substrate preparation (Stamets, 2000) 
Material  Total dry 
matter  
% 
Protein 
 
% 
Fat 
 
% 
Fibre 
 
% 
N-free 
extract 
% 
Ca 
 
% 
P 
 
% 
N 
 
% 
K 
 
% 
Alfalfa leaf meal 90.5 22.3 3.0 14.2 40.5 2.22 0.24 3.57 2.06 
Barley straw 90.0 3.7 1.6 37.7 41.0 0.32 0.11 0.59 1.33 
Bean straw, field   89.1 6.1 1.4 40.1 34.1 1.67 0.13 0.98 1.02 
Bermuda grass hay 90.6 7.2 1.8 25.9 48.7 0.37 0.19 1.15 1.42 
Carpet grass hay 92.1 7.0 2.2 31.8 40.9 - - 1.12 - 
Corn bran 90.6 9.7 7.3 9.2 62.0 0.03 0.27 1.56 0.56 
Corn stalk 82.8 4.7 1.5 28.0 43.3 0.25 0.09 0.75 0.50 
Cowpea straw 91.5 6.8 1.2 44.5 33.6 - - 1.09 - 
Oat hay  88.1 8.2 2.7 28.1 42.2 0.21 0.19 1.31 0.83 
Pineapple pulp dried 85.3 4.0 1.9 19.4 57.2 0.20 0.10 0.64 - 
Rice straw 92.5 3.9 1.4 33.5 39.2 0.19 0.07 0.62 1.22 
Wheat bran, soft wheat 90.5 16.1 4.3 8.7 55.7 - - 2.58 - 
Wheat straw 92.6 3.9 1.5 36.9 41.9 0.21 0.07 0.62 0.79 
 
2.4.2 Carbon to nitrogen (C:N) ratio  
Cellulose, hemicellulose and lignin are the main nutritional sources for oyster mushroom 
production. The carbon to nitrogen (C:N) ratio which is the ratio of the mass of carbon to the 
mass of nitrogen in a substrate is a major factor that affect the quality of substrates for 
mushroom cultivation. Kang (2004) stated that oyster mushrooms requires a higher C:N ratio 
in the substrate when compared to the button mushrooms (Agaricus bisporus). However, the 
commonly used mushroom substrates, such as cereal straw, cotton seed hulls and sawdust, 
need to be supplemented with crop residues with high nitrogen content, e.g. wheat and rice 
bran, to reach optimal C:N ratio in the  oyster mushroom substrate.  
 
According to Cha et al. (1997), nitrogen is used during spawn run, but it is not suitable for 
fruiting stage. As oyster mushrooms can break down various agro-wastes with their enzymes, 
growers have a wide range of substrate to choose from. Most plant material containing lignin 
and cellulose together as its carbon source can be used as oyster mushroom substrate 
17 
 
(Stamets, 2000), but its constitution will affect production. Substrates can be mixed to 
optimize the C:N ratio and thereby improve the biological efficiency. Fanadzo et al. (2010) 
reported an improvement in yield of P. ostreatus from the addition of 25% cotton seed hull 
when wheat straw was used as the base substrate. Banik and Nandi (2004) concluded from 
their study that supplementation of rice straw with biogas residual slurry manure had a strong 
positive impact on the yield potential, protein and mineral nutrient content of P. sajor caju 
mushroom in India. Nitrogen sources such as chicken manure and apple pomace have been 
reported to decrease the C:N ratio to an optimum level for mushroom growth (Worrall and 
Yang, 1992). The most suitable carbon to nitrogen (C:N) ratio in a substrate according to 
Chang (2011) is about 35:1. High nitrogen content in a growing medium will have a negative 
impact on the spawn running stage as the bags can over heat. 
 
2.4.3 Other major nutrients 
Mushrooms need major elements, such as phosphorus, potassium, magnesium, calcium and 
sulphur, and microelements, namely iron, copper, zinc, manganese, cobalt, molybdenum and 
boron (Stamets, 2000). The main functions of the minerals are composing of cells, keeping 
osmotic pressure and activating enzyme production. In addition to carbon, nitrogen and 
minerals, mushrooms require vitamins and growth hormones for proper growth (Masevhe et 
al., 2011). 
 
A uniform distribution of nutrients in a substrate is very important. Occurrence of lumps of 
supplements could result in uneven colonization and possible uneven moisture distribution in 
the substrate (Lin, 2004). A uniform distribution can be achieved by mixing components of 
the substrates in their dry state and adding water later (Stamets, 2000). Machines used to 
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thoroughly mix substrates include ribbon mixers, cement mixers and auger mixers 
(Pennsylvania State University, 2003). 
 
2.4.4 Substrate pH level  
Most cultivated mushrooms do best in a slightly acidic substrate (Ibekwe et al., 2008). The 
preferred pH for oyster mushroom is between 5 and 6.5, although the fungus can tolerate pH 
levels of as low as 4.2 and as high as 7.5 (Gabriel, 2004). Although the substrate can be 
stabilized using buffers, the pH can still change considerably during the growth of the 
mushroom. The most commonly used buffers (1-5% on dry weight basis) to achieve a 
suitable substrate pH level for relatively extended duration are gypsum, limestone and chalk 
(Kwon and Kim, 2004). 
 
2.5 PHYSICAL CHARACTERISTICS OF SUBSTRATE  
Fine particles can hold more water than coarse particles, and particle size is variable across 
different substrates and supplements (Zhang et al., 2002). Thus, grinding certain types of 
substrates to fine pieces could have more advantages. For example, ground straw yielded 
higher mushroom growth rate and yield than chopped straw (Zhang et al., 2002). If the 
substrate is packed too tight or too loose, the mushroom mycelia cannot easily colonize it. In 
too loose substrates, the mycelia need more energy to reach the next bit of substrate (Zireva 
et al., 2007). On the other hand if the substrate is too tight (compact), the mycelia cannot get 
enough oxygen. A low oxygen concentration slows down the growth rate and reduces yields. 
Good aeration within the substrate is necessary to avoid anaerobic conditions. Anaerobic 
conditions can lead to proliferation of unwanted micro-organisms in the pastuerised substrate. 
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The optimal substrate moisture content for oyster mushrooms growth is 65-75% (Oei, 2003). 
Too high moisture content in the substrate results in clogging of airflow and mycelial growth 
stops. Under high substrate moisture content, anaerobic microbes will be favoured. It is 
normally characterized by a foul smell. In addition, the anaerobic microbes often produce 
toxic metabolites that could inhibit mushroom mycelium growth (Quinio and Chang, 1994).  
 
2.6 SUBSTRATE TREATMENT FOR OYSTER MUSHROOM CULTIVATION 
“The substrate to mushrooms is like soil is to plants” (Kwon and Kim, 2004). The soil needs 
to be ploughed before planting and organic matter and fertilizer needs to be added to increase 
productivity. In oyster mushroom cultivation, the substrate material can be supplemented, if 
necessary, with additional nitrogen source such as maize bran, wheat bran, rice bran to 
improve the mushroom yield (Fanadzo et al., 2010). Other additives, such as limestone and 
gypsum, can also be added when necessary as buffers to control pH (Qian, 2004). 
 
Eliminating or controlling other competitive micro-organisms, pathogens and insect pest is 
essential to produce edible mushrooms (Stamets, 2000). Several substrate disinfecting 
methods are employed during substrate preparation for growing oyster mushroom, which 
includes either sterilization under high or normal pressure steaming, pasteurization, heat 
treatment of dry material, immersion in hot water, solarisation, hydrated lime bathing, bleach 
bath, detergent bath and fermentation (Stamets, 2000). Combinations of these treatments can 
also be applied. Chemical treatments or fungicides and pesticide additions can also be 
included. 
 
Steam pasteurization is a way of utilizing the features of steam, i.e. high temperature, high 
quantitative heat and penetrating capacity, to destroy/denature the protein of contaminants 
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(Stamets, 2000). Sterilization can be applied in two ways, through a high pressure (15 kPa) 
and normal pressure pasteurization (Kwon and Kim, 2004). In China, cottonseed hulls are 
steam pasteurized at 100
o
C for 10 hours at normal pressure (Qian, 2004). The normal 
pressure pasteurization technique is suitable for small-scale mushroom production. Compared 
with high pressure method, where substrate is steam sterilized at 121
o
C for 90 minutes, 
normal pressure technique is technically simple and requires lower investment cost (Kwon 
and Kim, 2004). In Bangladesh, the high pressure sterilization technique is used while in 
South Africa the substrate is pasteurized with water at a temperature between 70 and 75
o
C for 
2 hours (Kwon and Kim, 2004). 
 
Piling fermentation is a common technique employed to minimize fungal contaminations in 
Vietnam (Kwon and Kim, 2004). The purpose of piling fermentation of cultivation materials 
with water is to generate high enough heat to destroy fungi that cannot tolerate high 
temperature (Qian, 2004). This technique adjusts the types and population of different fungi 
in the substrate. The material disinfected by such a process is referred to as fermentated 
material (Qian, 2004). It is the common sterilization method used in treating the materials for 
cultivation of cap mushroom (Agaricus spp.) (Qian, 2004). Poor farmers ferment their 
substrate only for 2 to 4 days before spawning to avoid the cost related to sterilization (Qian, 
2004).  
 
Chemical treatments of substrates prevent contamination with fungal competitors. For 
example, the broad spectrum fungicide carbenndazim with limited effect on barcidiomycetes 
can inhibit the germination of spores and mycelium growth of competing fungi, thereby 
giving the mushroom enough time to colonize the substrate (Singh and Prasad, 2012). 
Limestone treatment has been successfully used to cultivate oyster mushroom on wheat straw 
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It kills most bacterial strains that are harmful to mushrooms at the initial mycelium growth 
stage (Khan, 2004). Choice of substrate pretreatment techniques depends on the type of 
substrate used, country, scale of production and capital input (Kwon and Kim, 2004). 
2.7 SPAWN INOCULATION OF SUBSTRATE 
Inoculation refers to the transferring of culture pieces into newly treated cultivation materials 
(substrate). The spawn media with the double-nucleus hyphae can be in liquid or solid state 
(Stamets, 2000). The solid culture is most often used in mushroom production. To transfer 
spawn culture from flasks (in which it is stored) into new culture medium, a sterile 
environment is needed: sterilized inoculating tools and clean air supplied by a laminar flow 
bench for example. Working space is preferred to be a small wooden glass-inlayed 
inoculation cabinet as it is easy to keep germ free (Stamets, 2000). 
2.8 OYSTER MUSHROOM CULTIVATION SYSTEMS 
Mushrooms can be produced on a small-scale for home food consumption.  In the event that 
exotic mushrooms are cultivated on a large commercial scale, cultivation requires 
reproducible, quantitative and qualitative results (Chiroro, 2004). A steady supply of 
mushrooms is necessary to satisfy the demands of customers, such as food distributors, 
supermarkets and restaurants (Chiroro, 2004).  
 
Production of oyster mushrooms is mainly through indoor cultivation on sawdust, straw, 
compost, or other suitable substrates (Stamets, 2000). Indoor cultivation entails the 
production of mushrooms in controlled growing systems. Certain species require adherence 
to strict parameters for successful cultivation, while others are able to grow well under a wide 
range of conditions (Stamets, 2000). The growing system necessary for indoor cultivation 
can, therefore, vary in sophistication and cost, depending on the species of mushroom that is 
cultivated and climatic conditions (Kwon et al., 2004). 
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2.8.1 In tray and trench cultivation 
Although tray cultivation method is not common in oyster mushroom production, it is widely 
used in the cultivation of Agaricus spp. In tray cultivation, the trays are kept in the dark while 
the mycelia from the spawn, run through the compost. Tray cultivation has been used with 
varying degrees of success for the production of oyster and shiittake mushrooms using 
pasteurized straw and sawdust, respectively (Zireva et al., 2007). However, the technique is 
less suitable for oyster mushroom because oyster mushroom grow best in the natural form 
from dead tree trunks, the same as from a bag. Due to the nature of the growth of the oyster 
mushroom, the form of the mushrooms is not readily acceptable by the market (Chang, 
2011). 
2.8.2 In bag cultivation 
Bag cultivation is the most preferred method for growing oyster mushrooms (Kwon and Kim, 
2004). Substrates suitable for this method include hardwood sawdust, aged softwood 
sawdust, wood chips, cereal grain straw, maize cobs and various types of hay, and sugarcane 
bagasse (Table 2.2). Most growers prefer bag cultivation because bags are easy to handle. 
Transparent bags are used, as colonization and possible contamination can easily be spotted 
(Stamets, 2000).  
 
Bag sizes vary according to the infrastructure available to the grower. In China for example 
small bags are used and inoculated bags are stacked to form low walls. In South Africa bigger 
bags or tubes are used. The bags are incubated on racks, while tubes can either hang from the 
rafters in roofs or can be supported by a metal frame. Usually the bags used for oyster 
mushroom cultivation are made of high density polyethylene, which can withstand high 
temperatures. The bags are then sterilized under pressure in an autoclave. Alternatively, 
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atmospheric pressure steam pasturization can be done for 12 to 18 hours (Kwon and Kim, 
2004).  
 
Following sterilization protocols, the bags are inoculated with the ‘spawn’ (mycelia culture 
grown out on grain or sawdust) of the desired species strain in a very clean or sterile 
environment. The bags are sealed but some form of gas exchange must be provided either via 
a breathable hyper filter on a specially made bag or simply by closing the bag around a wad 
of cotton wool or by cutting the corners of the plastic bag. The mycelia run through the 
substrate in a few weeks, binding the mixture together into a solid block. After spawning 
bags are moved into a well-aerated growing room with light and a high humidity level, 
approximately 80-90%. In order for the bags to initiate fruiting or flushing, the plastic bags 
need to be perforated/punctured. Then the mushrooms begin to form through the holes on the 
bag within a few days (Stamets, 2000).  
 
The mushrooms would be ready for picking within days or weeks depending on the species. 
After picking, the blocks should be left to rest for a period of time after which they can be 
soaked in water to initiate a second fruiting, or flush. It is said that the nutrients in the blocks 
are used up within a couple of months (Choi, 2003) and nutrient depletion becomes the 
limiting factor to mushroom yield in successive flushes.  
 
2.9 OYSTER MUSHROOM GROWING ROOM 
The ideal mushroom growing system does not necessarily need to be a high-tech structure 
with all automated controls. The most important consideration needed is keeping an eye on 
preventing possible pests and pathogens, and understanding the relationships between 
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temperature, humidity and air exchanges (Kwon et al., 2004). Growing system temperature, 
humidity and air movement should be closely monitored (Oei, 2003). In general, growing 
rooms for oyster mushroom production need to satisfy the following basic requirements 
(Stamets, 2000): 
 Sufficient ventilation to maintain fresh, clean air for the fructification and cropping 
period 
 High relative humidity is most important at all times. Installing a humidifier could 
keep the relative humidity at the required level (85-95%) 
 Ample light intensity during period of fructification. The light could be natural 
daylight or an imitation of natural daylight (1.000-1.500 lux) 
 Controlling temperature within the range of 10-30
o
C  
2.10 ROLE OF MUSHROOM CULTIVATION ON ENVIRONMENTAL AND SOIL 
HEALTH 
2.10.1 Utilization of invasive alien plants 
Invasive alien plants are a major problem in South Africa and are spread over 18 million 
hectares of land (Kotzé et al., 2010a).  In 2007, a total of 548 naturalized and casual alien 
plant species were catalogued in the Southern African Plant Invaders Atlas (SAPIA) 
(Henderson, 2007). Acacia spp. (Table 2.4) are the most prevalent invasive alien plants in the 
riparian zones across South Africa. The main species are A. meansii (black wattle), A. 
decurrens (green wattle) and A. dealbata (silver wattle) (Marais et al., 2004). Approximately 
180 plant species are categorized as invasive under the Conservation of Agricultural 
Resources Act, 1983 (Act No. 43 of 1983) (Henderson, 2007). The categories are: 
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Category 1a: Invasive species requiring compulsory control. Remove and destroy. Any 
specimens of Category 1a listed species need, by law, to be eradicated from the environment. 
No permits will be issued. 
 
Category 1b: Invasive species requiring compulsory control as part of an invasive species 
control programme. Remove and destroy. These plants are deemed to have such a high 
invasive potential that infestations can qualify to be placed under a government sponsored 
invasive species management programme. No permits will be issued. 
  
Category 2: Invasive species regulated by area. A demarcation permit is required to import, 
possess, grow, breed, move, sell, buy or accept as a gift any plants listed as Category 2 plants. 
No permits will be issued for Category 2 plants to exist in riparian zones. 
  
Category 3: Invasive species regulated by activity. An individual plant permit is required to 
undertake any of the following restricted activities (import, possess, grow, breed, move, sell, 
buy or accept as a gift) involving a Category 3 species. No permits will be issued for 
Category 3 plants to exist in riparian zones. 
Table 2.4 Invasive alien Acacia spp. in South Africa (Henderson, 2001) 
Kind of plant (Botanical name)     Common Name   Category 
 
Acacia baileyana   Bailey's wattle   3 
Acacia cyclops   Rooikrans   2 
Acacia dealbata   Silver wattle   Category 1 Western Cape 
                    Category 2  South Africa 
Acacia decurrens   Green wattle   2 
Acacia elata    Pepper tree wattle  3 
Acacia implexa              Screw - pod wattle  1 
Acacia longifolia   Long - leaved wattle  1 
Acacia mearnsii   Black wattle   2 
Acacia melanoxylon   Australian blackwood  2 
Acacia paradoxa   Kangaroo wattle  1 
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Invasive alien plants are a problem of global significance. Invasive alien plants are initially 
introduced from other countries for their beauty, economic value or ecological purposes 
(Kotzé et al., 2010a). Due to the absence of their natural enemies, they have been able to 
reproduce and spread prolifically (Zimmermann et al., 2004).  
 
Control of such invasive alien plants, for example black wattle, green wattle and silver wattle, 
has been controversial. One of the major impacts associated with invasive alien plants is that 
they displace the indigenous vegetation. They utilize valuable scarce and limited water 
resources as they consume more water than indigenous plants and thereby deplete the 
valuable underground water resources. Many invasive plants are also responsible for causing 
exceptionally hot fires and affect the makeup of the soil structure (Moyo, 2010). 
 
In some instances, some species found in South Africa may have considerable economic 
value, for examples, Pinus spp. in forestry, Acacia species as source of fire wood (household) 
and Boletus edulis production, Opuntia species as food, Prosopis as fodder, Arundo donax 
species for building material, Eucalyptus spp. for the production of commercial structural 
wood and some of these trees are used for shade as ornamentals or windbreakers Lowe et al., 
2000).  
 
Effective management of invading alien plants in natural and semi-natural systems is 
imperative to reduce their negative impacts. An integrated approach involving the combined 
use of range of methods is usually necessary to control invasive alien plants effectively (Van 
Wilgen et al., 2001). In 1995, the Government of South Africa launched the Working for 
Water Programme, with an objective to remove some high water consuming alien plants, 
thereby creating employment for poor rural communities (Hope, 2006).  
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2.10.1.1 Black wattle 
Black wattle (Figure 2.2) is a multi-purpose, fast growing, adaptable tree indigenous to 
Australia (Brown and Ko, 1997). It is an unarmed, evergreen 5-10 m high, finely hairy tree. 
The leaves are dark olive-green finely hairy, with pale yellow flowers and dark brown pods 
(Henderson, 2001). The bark is used to produce high quality tannin extracts, widely used in 
tanning and adhesive industries. The hard and dense wood can be used as fuel, railway 
sleepers, mine timber, tool handles, raw material for charcoal, particle board and wood pulp. 
In addition, the species has many favourable features for soil and water conservation, soil 
improvement, dune stabilisation and decoration. As a result, it has been introduced into many 
parts of the world during the past hundred years and has played an important role in the 
economic development of some countries (Brown and Ko, 1997).  
 
Figure 2.2 Illustration of black wattle for identification and its distribution in South 
Africa (Henderson, 2001) 
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2.10.1.2 Green wattle 
Green wattle (Figure 2.3) is unarmed, evergreen 5-10 m high tree. It is devoid of hairs or 
powdery bloom. The leaves are bright green, glabrous, bipinnate, feathery and the leaflets are 
6-15 mm long and slender. The flowers are bright yellow and the fruits are dark brown pods 
(Henderson, 2001). The green wattle can be used for chemical products (the bark contains 
about 37 to 40% tannins), environmental management and wood, and its flowers are edible 
and are used in fritters (Philip and Sherry, 2010). Gum that oozes from the tree's trunk can be 
used as a lesser-quality substitute for gum arabic, which is used in the production of fruit jelly 
(Philip and Sherry, 2010). The flowers are used to produce yellow dye, and the seed pods are 
used to produce green dye (http://en.wikipedia.org/wiki/Acacia_decurrens).  
 
 
Figure 2.3 Illustration of green wattle for identification and its distribution in South 
Africa (Henderson, 2001)  
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2.10.1.3 Silver wattle 
Silver wattle (Figure 2.4) is a fast-growing tree that grows up to 30 m in height. Leaves are 
greyish-green and segmented; leaf axis has glands only at the insertion of the pinnae. Flower 
heads are 5-6 mm in diameter, pale yellow. Pods are compressed, scarcely constricted 
between the brown seeds (Bhat et al., 2012). The plant grows in mountain forests, along 
watercourses and in dry sclerophyll forests on a variety of soils, and often on slopes and 
creek banks, remaining shrubby under dry conditions (Bhat et al., 2012). It can form dense, 
almost impenetrable stands that compete with and prevent the development of other plant 
species. In addition, silver wattles have allelopathic properties. It is a nitrogen-fixing species 
that increases soil N level. However, dense thickets of silver wattles disrupt water flow and 
increase erosion along stream banks (Moyo et al., 2009). 
 
 
Figure 2.4 Illustration of silver wattle for identification and its distribution in South 
Africa (Henderson, 2001)  
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Properties of Acacia spp.  
Acacias are nitrogen fixing plants and form a mutually beneficial symbiosis with root nodule 
bacteria of the genera Rhizobium or Bradyrhizobium (Roughley, 1987). The bacteria 
penetrate young rootlets in the aerated surface soil layers and multiply to form nodular 
swellings on the root surfaces (Searle, 1997). The Acacia species in South Africa were 
introduced from Australia around 1864, and systematic establishment of plantations began in 
the early 20
th
 century. Commercial black wattle plantations in South Africa are mainly 
located between longitudes 27° and 30° E, and between latitudes of 25°and 33°S 
(Chaumbi, 1997). 
 
The heart wood of Acacia spp. contains about 8% extractives. In trees of about 8 years old, 
the extractives are mainly flavonoids with low concentrations of tannins (Hillis, 1997a). The 
proportion of tannins increases as the plant ages and the change appears to correlate with the 
progressively darkening of the wood with age (Hillis, 1997a). The high reactivity of the 
condensed tannins and the readily solubility of many of them in cold water assist their use in 
many aspects (Hillis, 1997b). Wattle bark extract is perhaps more suitable for a wide range of 
applications than any other condensed tannins because of the high hydroxylation and suitable 
range of molecular mass of its components. Vegetable tannins are water-soluble phenolic 
compounds that have molecular weights between 500 and 3000 and, besides giving the usual 
phenolic reactions, have special properties such as the ability to precipitate alkaloids, gelatin 
and other proteins (Hillis, 1997c). 
 
Mushroom production provides an opportunity to use alien invasive species such as Acacia 
trees as growth substrate. A previous assessment carried out on utilizable biomass of the 
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invasive species indicated that sustainable use of invasive plants in oyster mushroom 
cultivation is possible (Nageswaren et al., 2003). Successful utilization of the wattle plant 
material for mushroom production can, therefore, make a significant contribution to the 
integrated control of these invasive plants and towards the protection of natural resources and 
sensitive ecosystems and for job creation.  
 
2.10.2 Heavy metal uptake from substrates by mushrooms 
Pleurotus sajor-caju, P. platypus and shiitake have been reported to accumulate cadmium, 
selenium and other heavy metals, and some may contain toxic substances such as the heat- 
labile cardiotoxic proteins' volvatoxin in the straw mushroom and flammutoxin in enokitake 
(Flammulina velutipes) (Jain et al., 1989; Das, 2005). Substrates that are contaminated with 
heavy metals such as those originating from sides of busy roads should be avoided because 
they result in highly concentrated heavy metals in fruiting bodies of the mushroom. Heavy 
metal uptake by mushrooms from a substrate is via mycelium (Stamets, 2000). Mushroom 
fruiting body and age are of less significance in terms of heavy metal accumulation. 
However, heavy metal content in fruit bodies is greatly affected by the age of the mycelium 
in contaminated substrate and by the interval between formations of fruit bodies or flushes 
(Stamets, 2000). 
 
2.10.3 Utilizing spent substrates as growing media  
Spent mushroom substrate (SMS) is the solid residue left after the aerial part of the 
mushroom is harvested. The spent substrate is generated at a ratio of 2-5 part: 1 part of the 
edible crop (Liang and Chiu, 2007). Siddhant and Singh (2009) recycled spent oyster 
mushroom substrate to generate additional value. They mixed the spent oyster mushroom 
substrate with wheat straw at 10, 15 and 25% and used it in the cultivation of P. sajor-caju, 
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P. florida and P. flabellatus. The results showed that SMS mixed with wheat straw 
significantly improved yield and biological efficiency of the Pleurotus spp. tested. The 
authors also showed that SMS mixed with soil at different proportions (1, 3 and 5%) hastened 
seed emergence and resulted in higher yields of spinach (Spinacea oleracea) compared to 
unamended soil. 
 
Lopez Castro et al. (2008) also reported that the use of SMS, obtained after two crops of 
mushroom  cultivation,  mixed with organic soil resulted in improvement of the growth and 
nutritional status of common sage (Salvia officinalis). Similarly, in a study that investigated 
the effect of SMS of oyster mushroom for growing wheat under different drought conditions, 
the SMS treatments enhanced drought tolerance of wheat by enabling seeds to germinate at 
8.5% soil water content and completing vegetative growth and grain filling at a soil moisture 
content as low as 6.3% (Liang and Chiu, 2007). Spent mushroom substrate was applied as 
topdressing on a sodded kentucky bluegrass turf to enhance resistance to wear damage, and to 
reduce surface hardness and soil compaction over time. The result showed that the SMS 
increased percentage ground cover after wear, decreased soil bulk density, improved soil 
water retention and minimised surface hardness when compared to the traditional practices of 
aeration and fertilization techniques (http://cropsoil.psu.edu).  
 
2.10.4 Potential nematode control method  
Different organic materials have been recognized to have an inhibiting effect on population of 
plant parasitic nematodes (Banful et al., 2000). However, the mechanisms of resistance or 
control and the nematode-plant interactions at molecular level are not fully understood 
(Stirling, 1991). The mode of action of organic amendments is thought to involve pre-formed 
compounds and the release of toxic byproducts of decomposition. Medicinal plants have been 
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found to significantly suppress buildup of plant parasitic nematodes, especially at higher 
doses (Akhtar and Alam, 1990). This was attributed to the accumulation of toxic byproducts 
of decomposition, which probably improved host resistance or changed the soil physical 
and/or chemical properties. In related studies, Muller and Gooch (1982) reported applying 
cocoa pods and cassava peelings to reduce the populations of Pratylenchus brachyurus by 
58% and 75%, respectively. Egunjobi and Olaitan (1986) observed a 28% reduction in galling 
on Vigna ungiculata in soils amended with organic matter. Organic amendments also 
stimulate microbial activities leading to the presence of antagonistic microorganisms and 
accumulation of nematicidal compounds (Akhtar, 2000). 
The application of organic amendments is normally accompanied by an initial ‘microbial 
explosion’ (Stirling, 1991) and an increase in compounds that stimulate saprophytic soil 
antagonists, e.g. aldehydes and alcohols (Braga et al., 2001). A series of changes in micro- 
flora composition could follow the application of organic amendments, including an increase 
in populations of nematode-trapping fungi, predacious nematodes, saprophytic nematodes 
and micro arthropods (Stirling, 1991). The development of nematode-trapping fungi requires 
that the organic amendment added to soil should stimulates saprophytic competition between 
the fungi and other soil micro-flora (Bird, 1981). 
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CHAPTER 3 
INVASIVE WATTLE (ACACIA SPP.) USED AS ALTERNATIVE 
OYSTER MUSHROOM SUBSTRATE 
3.1 Abstract 
Oyster mushroom (Pleurotus ostreatus) has the potential to utilize various agricultural and 
environmental wastes, including alien invasive species as growth substrate. The aim of this 
study was to determine whether three Category 2 invasive alien Acacia species can be used as 
substrates or supplements in oyster mushroom production. Dried Acacia branches and twigs 
were processed into 2-3 cm pieces. The tree species used were black wattle (BW) = A. 
mearnsii, silver wattle (SW) = A. dealbata and green wattle (GW) = A. decurrens. The wood 
chips of the different wattle species were either used as is, mixed with 50% maize bran (MB) 
or with 50% wheat straw (WS). Half of these mixtures were soaked in a 3% lime solution for 
12 hours. The total yield and performance of the substrate were compared with WS. After 
heat treatment for two hours in a hot water bath, the substrate was inoculated with P. 
ostreatus spawn, bagged and incubated at an average temperature of 18°C and humidity of 
57%. Colonization of substrate, temperature within the bags, pinning, fruit body formation 
and yield were recorded. All treatments yielded statistically less than the WS control. The 
best wattle based treatments were BW+WS+lime and SW+WS+lime which respectively 
showed a fresh weight biological efficiency (BE) of 67% and 76%. The treatments that 
included MB, as well as BW and GW used alone did not give any yield at all. This 
nonperformance can be attributed to a low pH, high nitrogen and tannin content of the 
mixtures. From the results it can be concluded that BW and SW show potential as 
supplements to grass based substrates for oyster mushroom production.  
Keywords: Acacia, biological efficiency, black wattle, green wattle, oyster mushroom, silver 
wattle, tannin  
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3.2 INTRODUCTION 
White rot fungi, such as Pleurotus ostreatus and other members of the genus, commonly 
known as oyster mushrooms, have the ability to break down lignin, hemicellulose and 
cellulose in a wide range of substrates (Poppe, 2004; Das and Mukherjee, 2007; Sánchez, 
2010), and they have been used in bioremediation of industrial waste products (Zervakis et 
al., 1996; Kalmiş and Sargin, 2004; Salmone et al., 2005; Olivieri et al., 2006; Soler-Rivas et 
al., 2006). Oyster mushrooms are primary decomposers that turn agricultural and forestry 
wastes or by-products into valuable nutritious commodities with a gourmet status (Stamets, 
2000).  
 
Spread over 18 million hectares, invasive alien plants are a major problem in South Africa 
(Kotzé et al., 2010a,b).  In 2007, a total of 548 naturalized and casual alien plant species were 
catalogued based on the Southern African Plant Invaders Atlas (SAPIA) (Henderson, 2007). 
Of these, approximately 180 plant species are categorized as invasive under the Conservation 
of Agricultural Resources Act, 1983 (Act No. 43 of 1983) (Henderson, 2001, 2007). In 1995, 
the South African government established the “Working for Water” programme to control 
invasive alien plants to protect water resources and ensure the security of water supply. This 
programme is multi-faceted and cross-disciplinary in nature and with an ecological, 
hydrological, social and economic impact (Richardson and Van Wilgen, 2004; Hope, 2006). 
Management of invasive alien plants entails mechanical removal, chemical and biological 
control or combinations thereof (Marais et al., 2004, Zimmerman et al., 2004). 
 
Some of the declared invasive plants are commercially utilized for their wood in South 
Africa. Black wattle (Acacia mearnsii) is, for example, utilized for the commercial 
production of tannins (plant polyphenols) (Gujrathi et al., 2007). When these plants are 
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harvested, a large portion of their biomass, in the form of branches and twigs, remain in the 
plantations to decay or is burned.  When water catchment and waterways are cleared of 
invasive plants, the biomass is not further utilized, and it is left to decay. As a result of such 
practices, the tannins in the plant materials can be leached into the soil and waterways 
(Richardson and Van Wilgen, 2004).   
 
Damask (2011) indicated that sustainable utilization of Acacia for oyster mushroom 
cultivation is possible. Nageswaran et al. (2003) also reported successful utilization of 
invasive alien species such as water hyacinth (Eichhornia crassipes) in mixes with paddy 
straw (Oryza sativa) in oyster mushroom cultivation. Successful utilization of Acacia spp. in 
mushroom production can, therefore, make a significant contribution to weed eradication, and 
toward the protection of natural resources and sensitive ecosystems. Thus, the objective of 
this study was to evaluate the ability of P. ostreatus to utilize most prominent invasive alien 
Acacia spp. in South Africa as substrate. 
 
3.3 MATERIALS AND METHODS 
3.3.1 Substrate preparation 
Black wattle (BW) (A. mearnsii), silver wattle (SW) (A. dealbata) and green wattle (GW) (A. 
decurrens) were collected within the Gauteng Province of South Africa. Medium and small 
air-dried tree branches were chopped into 4 - 5 cm long chips with a shredder, and then 
milled into pieces of 2 - 3 cm using a hammer mill. Half of the substrate mixture for each of 
the treatments was soaked in a 3% lime solution and the other half in tap water for 12 hours.  
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For pasteurization, all mixtures were immersed in a hot water bath at a temperature of 70
0
C 
for two hours. After cooling, all of the substrates were inoculated with P. ostreatus (HK 35) 
spawn at a rate of 5% (on wet mass basis) and put into 40 cm x 25 cm plastic bags.  
 
3.3.2 Treatments and experimental design 
The wood chips of the different wattle species, BW, SW and GW, alone or mixed either with 
50% (on mass basis) maize bran (MB) or 50% wheat straw (WS), (either in 3% lime or 
water) were applied as treatments. There were nineteen treatments in all and wheat straw was 
used as a control. The bags were placed at random in four replicate blocks, each treatment 
represented in each block. The average temperature and relative humidity of the growing 
room during the cultivation period were 18°C and 57%, respectively. There was one bag per 
treatment in each block. 
 
3.3.3 Data recorded 
Pre-inoculation moisture and pH of the substrate were measured. Colonization of substrate 
(spawn run), temperature within the bags, days to pinning (primordial formation), fruit body 
formation, and yield were recorded. Biological efficancy (BE) was calculated using Equation 
3.1 (Stamets, 2000). Samples of air-dried mushroom fruiting bodies (from each treatment) 
were sent to the Agricultural Research Council - Animal Production Institute, Pretoria for 
protein content analysis using the Kjeldahl method (McDonald, 1977).  
 
                     (Equation 3.1) 
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3.3.4 Experimental design and statistical analysis 
The experiment was a randomized complete block design with nineteen treatments randomly 
allocated in each block. Four blocks were used and the blocking factor was position on 
different sides in the growing room. An analysis of variance was conducted (Apendix 1) for 
the spawn run time duration, time until primordia formation, time to harvest of first flush, 
yield, and biological efficiency using GenStat for Windows, Release 12.1 (GenStat, 2009). 
Where significant differences were observed, treatment means were compared using the least 
significant difference (LSD) test at 0.05 probability level.  
 
3.4 RESULTS AND DISCUSSION 
At the time of spawning the substrate mixtures, the moisture content ranged between 56.8-
66% (Table 3.1) and the pH ranged from 4.2 to 6.0 (Table 3.1). In most cases the addition of 
lime increased the pH of the substrate mixtures, but the desired pH 7 was not reached with 
any of the treatments. The pH of the substrate correlated positively (r = 0.76) with the yield 
obtained.  
 
The temperatures during the spawn run of the substrate mixtures within the inoculated bags 
are presented in Fig. 3.1. A steady increase over the 18 d period was recorded and correlated 
with fluctuation within the growth room. The same pattern was observed for most of the 
treatments, except for the treatments that contained MB. Lower temperature ranges in 
treatments containing lime had been recorded. The average bag temperature over the period 
correlated negatively (r = -0.61) with the yield. 
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Table 3.1 Initial moisture content and pH of substrate at spawning 
Substrate 
additives 
Substrate 
BW 
 
SW 
 
GW 
 
WS 
 
 
Moisture content (%) 
- lime 56.8  60.0  56.8  66.0  
+ lime 62.4  60.0  61.2    
MB - lime 62.6  59.6  59.2    
MB + lime 60.2  60.0  61.5    
WS - lime 61.5  59.8  59.3    
WS + lime 66.0  64.3  62.6   
 
pH of substrate mixture 
   - lime 4.4  4.2  4.4 6.0 
+ lime 4.4  4.9  5.0    
MB - lime 4.7  4.9  4.5    
MB + lime 5.0  5.0  5.0    
WS - lime 5.5  5.5  5.0    
WS + lime 5.8  5.9  5.8   
BW = black wattle, SW = silver wattle, GW = green wattle, MB = maize bran, WS = wheat 
straw 
 
The substrate’s initial moisture content is of paramount importance, according to Stamets 
(2000). Substrate moisture content should be between 60 and 75%. The substrate moisture 
content of the black wattle with no lime and the green wattles with no lime was 56.8%. This 
resulted in a slow and wispy mycelia growth, as a result all the bags were contaminated, and 
removed from the growing room. The effect of moisture was also observed on the spawn 
running period with wheat straw which had a 66% moisture content having short period to 
complete spawn run (20 days) (Table 3.2). 
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Figure 3.1 Temperature recorded in the bags for the different treatments and the 
ambient room temperature as well as the humidity in the growth room 
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In Table 3.2 the duration of the spawn run, the time until primordial formation and harvesting 
of the first flush of mushrooms as well as the yield, accompanied biological efficiency and 
protein content are presented. Wheat straw was the first to be colonized, to produce primordia 
and fruiting bodies within 30 days. This treatment statistically differed at a 5% confidence 
level from all the other treatments. The second best treatment was SW+WS+lime and was 
followed by BW+WS+lime. This same performance of WS was displayed in the overall 
yield, where it yielded 1065 g fresh mushrooms/kg dry substrate. The calculated biological 
efficiency for this treatment was 107% (Table 3.2). SW+WS+lime and BW+WS+lime had a 
biological efficiency of 76% and 67% respectively. 
 
All the treatments that included MB and the BW-lime and GW-lime did not support growth 
of the mushroom spawn. The supplementation of wattle with maize bran resulted in a rise in 
the inside bag temperature during spawn run period and as a result all the bags were 
contaminated. This was due to increased nutrient content which resulted in an increase in 
resident bacteria and competitive moulds in the substrate. Atikpo et al. (2008) also observed 
an increase in temperature after supplementation with delayed release supplements (fish 
waste). The high temperatures recorded in this experiment resulted in the death of mushroom 
mycelia and contamination by weed fungi. The bags were removed from the growing room to 
avoid further contamination. Although the SW-lime treatment supported growth, it was one 
of the lowest mushroom producers. 
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Table 3.2 Duration of spawn run, time until primordial was formed and first flush was 
ready for harvesting, as well as the yield [biological efficiency] and protein content of 
dry Pleurotus ostreatus fruiting bodies 
Substrate 
additives 
Substrate 
BW 
 
SW 
 
GW 
 
WS 
 
 
Duration of spawn run (d) 
- lime -
1
 
 
26 e
2
 - 
 
20 b 
+ lime 31 f 26 e 26 e 
  MB - lime - 
 
- 
 
- 
   MB + lime - 
 
- 
 
- 
   WS - lime 31 f 21 bc 25 de 
  WS + lime 21 bc 16 a 23 cd (l.s.d = 2.644) 
 
Duration until first primordia formation (d) 
   - lime - 
 
41 e - 
   + lime 41 e 36 d 32 c 25 a 
MB - lime - 
 
- 
 
- 
   MB + lime - 
 
- 
 
- 
   WS - lime 40 e 34 cd 36 d 
  WS + lime 34 cd 28 b 36 d (l.s.d = 2.606) 
 
Duration until first flush ready for harvesting 
(d) 
   - lime - 
 
50 g - 
 
30 a 
+ lime 46 f 42 d 38 c 
  MB - lime - 
 
- 
 
- 
   MB + lime - 
 
- 
 
- 
   WS - lime 45 ef 43 de 44 def 
  WS + lime 39 c 33 b 42 d (l.s.d = 2.606) 
 
Fresh Yield (g) per kg dry substrate [Biological efficiency (%)] 
- lime 0 [0 %] g 228 [23 %] f 0 [0 %] g 1065 [107%] a 
+ lime 411 [41 %] d 328 [33 %] def 311 [31%] def 
  MB - lime 0 [0 %] g 0 [0 %] g 0 [0 %] g 
  MB + lime 0 [0 %] g 0 [0 %] g 0 [0 %] g 
  WS - lime 394 [39 %] def 530 [53 %] c 296 [30 %] ef 
  WS + lime 674 [67 %] b 755 [76 %] b 477 [48 %] cd (l.s.d = 10.789) 
 Protein content per wet weight (%) 
- lime -  -  -  2.33 
+ lime 3.74  4.26  3.64   
MB - lime -  -  -   
MB + lime -  -  -   
WS - lime 2.83  4.12  4.82   
WS + lime 3.13  3.22  2.63   
BW = black wattle, SW = silver wattle, GW = green wattle, MB = maize bran, WS = wheat 
straw 
1 
- = not determined due to unsuccessful colonization 
2
 Numbers followed by the same letters did not differ significantly (P = 0.05) according to 
Fisher’s unprotected least significant difference test  
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The protein content recorded ranged between 2.33% to 4.82% per wet weight. Wheat straw 
had the lowest protein content followed by GW+WS+lime and BW+WS-lime treatments. 
The treatments that produced the highest protein content were GW+WS-lime, SW+lime and 
SW+WS-lime. There was a negative correlation (r = -0.65) between yield and protein 
content. The pH range for the production of oyster mushrooms is between 5 and 6.5, although 
the fungus can tolerate pHs as low as 4.2 and as high as 7.5 (Gabriel, 2004). The pH obtained 
in this study was below 6 and those treatments that contained only wattle and wattle with MB 
all had pH 5 or below. This is one of the factors that influenced the general growth and yield. 
 
Further factors that influenced the general growth and yield were the unbalanced C:N ratio 
although not determined in this study (Stamets, 2000; Fanadzo et al., 2010). Wattle is a 
legume tree with a high nitrogen and phenol content (Gujrathi and Babu, 2007). The 
unbalanced nitrogen and phenol content resulted in slower growth and production of fruiting 
bodies. When substrate mixtures were diluted with WS, which has a higher C content, the 
yields increased. In this dilution process the phenol content was also reduced. In this study 
small branches, less than 4cm in diameter, and twigs were used. This size material has less 
tannin than older branches and the main stem of the tree (Gujrathi and Babu, 2007).  
Pleurotus spp. has been grown successfully on phenol containing substrate mixtures such as 
olive oil waste (Zervakis et al., 1996.; Aggelis et al., 2003; Kalmiş and Sargin, 2004; Olivieri 
et al., 2006; Soler-Rivas et al., 2006; Ruiz-Rodriguez et al., 2010), coffee pulp (Calzada et 
al., 1987) and lantana (Vats et al., 1994), but the growth, laccase (enzyme responsible for 
lignin degradation) production and yield were lower. In the case of olive mill waste and waste 
water the broken down phenol product were more toxic than the original ones, but these toxic 
substances were not transferred to the fruiting bodies (Tsioulpas et al., 2002). 
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It is concluded that SW and BW has the potential to supplement wheat straw in the 
production of oyster mushroom. Such an action can add value to an otherwise waste product 
that has the potential to contaminate soil and water with unwanted phenols. It is 
recommended that before this technology is transferred to potential end-users such as 
participants in the “Working for Water” programme, the substrate mixtures should be refined. 
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CHAPTER 4 
PINEAPPLE (ANANAS COMUSUS) PLANT MATERIAL AS 
SUPPLEMENT FOR MAIZE RESIDUE-BASED OYSTER 
MUSHROOM SUBSTRATE 
4.1 ABSTRACT 
In recent years, the profitability of the pineapple production industry in the Eastern Cape has 
faced several challenges, including the suspected cadmium contamination of soils and 
pineapple fruits. The major aims of the current trial were, therefore, to evaluate the utilization 
of the abundant pineapple crop residue in the Eastern Cape for oyster mushroom (Pleurotus 
ostreatus) production as a supplement to maize substrate, and to establish the levels of 
cadmium in the oyster mushrooms produced on cadmium-contaminated pineapple crop 
residue and supplement substrate. The experiment was conducted at the Plant Protection 
Research Institute (PPRI) of the Agricultural Research Council (ARC), Roodeplaat, Pretoria, 
in 2011 and 2012. Three substrates, maize crop residue alone, pineapple plant residue alone 
and maize crop residue supplemented with pineapple plant residue, mixed at a ratio of 1:1 (on 
mass basis), were applied as treatments. The mixture of maize and pineapple had the highest 
biological efficiency (90%), followed by sole pineapple (77.6%) and sole maize (29%). Sole 
pineapple and the supplemented substrate significantly increased mushroom fresh yield. 
Protein content of fruiting bodies was, however, the highest in the mushrooms harvested from 
the sole maize substrate (23.3% on dry mass). No remarkable difference in protein yield was 
observed between the mushrooms grown in sole pineapple (18.86%) and maize supplemented 
with pineapple (18.81%) substrates. Fruiting bodies of P. ostreatus harvested from the sole 
pineapple substrate had the highest level of cadmium (3.3 mg/kg). However, when the 
pineapple substrate was mixed with maize substrate the level of cadmium was greatly 
reduced (0.15 mg/kg) to a level safe for consumption. The present study highlights that P. 
ostreatus has biosorption capacity, which could be exploited as a low cost technology to solve 
the problem of heavy metal pollution. 
Keywords:   Biological efficiency, biosorption, cadmium, heavy metal pollution, mushroom, 
pineapple, Pleurotus ostreatus, substrate  
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4.2 INTRODUCTION 
Oyster mushroom (Pleurotus spp.) is one of the many edible mushroom species that is 
cultivated for its good flavor and nutritional value (Breene, 1990). The mushroom contains 
30-40% protein on a dry weight basis, surpassing the protein content of many other foods 
(Chang, 2011). Oyster mushrooms can utilize a large number of plant wastes as substrate 
(Madan et al., 1987; Yildiz et al., 1997; Stamets, 2000; Buah et al., 2010). Based on previous 
research Pleurotus spp. may be capable of utilizing over 200 different types of substrates 
(Poppe, 2004). The production of edible mushrooms using crop residue as substrate is, 
therefore, a value adding process as it converts materials, which are otherwise regarded as 
wastes, into human food (Stamets, 2000; Zhang et al., 2002). According to Madan et al. 
(1987), cultivation of edible mushrooms is among the most efficient ways of recycling 
agricultural wastes. Buah et al. (2010) also highlighted that cultivation of oyster mushroom is 
a profitable agribusiness. 
 
Cultivation of oyster mushroom on various lignocellulosic plant materials has been 
investigated by a number of researchers (Madan et al., 1987; Zhang et al., 2002; Nageswaran 
et al., 2003; Fanadzo et al., 2010; Buah et al., 2010). Zhang et al. (2002) showed that 
Pleurotus spp. has a very high saprophytic colonizing ability and can degrade ground rice and 
wheat straw efficiently. Madan et al. (1987) studied the cultivation of Pleurotus spp. on 
different wastes, including paddy straw, mulberry stem, caster stem and leaves. The highest 
BE was obtained with paddy straw (108%) followed by paddy straw supplemented with 
mulberry stem (105.4%). The protein content of the mushrooms varied between 28-34% per 
dry weight.  
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In recent years, the pineapple industry in the Eastern Cape faced several challenges, including 
the unwitting contamination of soils and fruits with cadmium (Hill and Fraser, 2011). 
Unpermissible levels of the heavy metal cadmium were detected in some of the fruits 
produced in the region (Hill and Fraser, 2011). The presence of heavy metals in the 
atmosphere, soil, and water even in traces can cause serious problems to all organisms and 
heavy metal bioaccumulation in them. Heavy metal accumulation in soils is often of concern 
in agricultural production due to the adverse effects on food quality (safety and marketability) 
and crop growth due to phytotoxicity (Ma et al., 1994). 
 
At the end of the cropping cycles, pineapple crop residue is relatively abundant in this region. 
In the past, this crop residue was burned in the pineapple fields. Nowadays it is incorporated 
into the soil as desirable soil conservation and amendment practices (Ho-a-Shu, 1999). This 
practice increases the risk of re-incorporating material loaded with cadmium. In addition, the 
pineapple residue is rich in organic compounds, such as cellulose that could be utilized as 
substrate for cultivation of oyster mushrooms (Stamets, 2000).  
 
Therefore, the aim of the current trials was to evaluate the suitability of using pineapple crop 
residue for oyster mushroom production as sole or supplement to maize plant material and to 
establish the levels of cadmium in the oyster mushrooms produced on cadmium-
contaminated pineapple residue.  
 
4.3 MATERIALS AND METHODS 
4.3.1 Experimental site description  
The experiments were conducted at the Plant Protection Research Institute (PPRI) of the 
Agricultural Research Council, Roodeplaat, Pretoria in March 2011 and 2012 respectively. A 
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wooden cabin (4 m x 6 m) was used as the incubation room during the entire period of the 
experiments. The wooden cabin is under shade trees to control temperature. The inner walls 
of the room were covered with aluminium cushion to prevent temperature fluctuations and to 
keep humidity relatively constant, and to protect the wooden structure from rotting. 
 
The room has two windows on the eastern side (one on the 6 m parallel walls) and a wooden 
door and window on the western side. Inside the room are wooden shelves made up of timber 
logs on all of the four sides of the room, with one layer on the bottom and another layer on 
top. There is a similar shelf in the middle of the room, though it was not used for the 
experiment. A layer of river sand (about 3 cm thick) was put on a dense black plastic 
sheathing covering the floor of the room to prevent water runoff during irrigation.  
 
4.3.2 Treatments  
There were three treatments, namely:  
Maize crop residue alone (M);  
Pineapple crop residue alone (P); and  
M and P mixed at a 1:1 ratio on a dry mass basis (M+P). 
 
4.3.3 Substrate preparation 
Locally grown M and P obtained from Bathurst in the Eastern Cape Province was milled with 
the aid of a hammer mill into 2-3 cm pieces. Thereafter, all substrates were separately 
pasteurized using steam sterilization. For pasteurization, the water was first boiled in a Volcan 
pot at 120°C, and then substrates (in permeable bags) were put on top of the boiling water for 
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two hours with the lid tightly closed. The pasteurized bags of substrates were taken out of the 
pot, weighed and placed on a clean table to cool down. The weight of the pasteurised 
substrate was used to calculate the initial moisture content in (moisture retention of) the 
substrates.  
 
4.3.4 Mushroom inoculation process 
 
The P. ostreatus spawn strain HK35 obtained from the Exotic Spawn CC, Pretoria, was used 
as mushroom inoculum. The respective substrates were inoculated at a rate of 5% spawn on 
substrate wet mass basis, as recommended by Shah et al. (2004). 
 
4.3.5 Harvesting, data recording and statistical analysis 
 
Harvesting method  
 
The trial was monitored each day, and clusters of mushroom were detached from the 
substrate by hand when the in-rolled margins of the fruit body began to flatten. For hygiene 
purposes, latex gloves were worn.  Face masks were used to avoid the incident of spore 
inhalation that could cause respiration difficulties and allergies (Pakela, 1997).  
 
Data recorded and statistical analysis 
Immediately after harvesting, fresh mass was determined. Subsequently, the diameter of the 
caps and the lengths of the stems were measured. Samples were then oven-dried at 70
º
C for 
one week to determine dry matter content (%) and total dry mass produced per bag.  
Biological efficiency (BE) defined as the percentage conversion of dry substrate into fruit 
bodies of mushroom was calculated using Equation 4.1, as outlined by Stamets (2000). 
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Ground oven-dried samples of P. ostreatus fruiting bodies and samples of P and M, and spent 
substrate of each substrate treatment were sent to the ARC - Animal Production Institute 
(ARC-API) laboratory for protein and cadmium (Cd) content analysis. 
 
  (Equation 4.1) 
 
The Cd was determined by ICP-MS (inductively coupled plasma - mass spectrometry), using 
Cd 111 (12.8% natural abundance) isotope. An internal standard (Indium - In) was used to 
increase the accuracy (added by diluting the digest solution with indium nitrate to 10 ppb 
indium). The procedure was based on the standard operating conditions recommended in the 
instrument manual (Thermo X Series II). No-acids-containing Cl was used for digestion to 
avoid possible interference of Cl with the ICP-MS determination of certain elements, i.e. only 
digested nitric acid solutions were used for duplicate analysis and the means of the duplicate 
values were used (Javid et al., 2011). 
 
Data analysis 
The experiment was laid out as completely randomized design with four replicates per 
treatment. Where applicable, the recorded data were subjected to analysis of variance 
(ANOVA) using GenStat for Windows, Release 12.1 (GenStat, 2009) (Appendix 2). 
Treatment means were compared using the least significant difference (LSD) test at 0.05 
probability level.  
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4.4 RESULTS AND DISCUSSION 
4.4.1 Spawn run and primordial emergence   
In both of the experiments, the oyster mushroom mycelia colonization rate showed similar 
trends. On Day 2 after inoculation, whitish colonies started to form in the bags that were 
filled with sole pineapple and maize-pineapple mix substrate. Accordingly, these two 
treatments were fully colonized by mycelium by Day 20. The sole maize substrate treatment 
was fully colonised only on Day 34.  
 
Spawn run, which is the colonization of substrate phase, is a very important stage in 
mushroom cultivation (Buah et al., 2010). A low spawn rate can result in a slow spawn run 
(Royse et al., 2004). High spawn rates could provide more inoculum points, which would 
provide faster substrate colonisation. The slow rate of mycelium growth for the sole maize 
could be attributed to substrate moisture content as Stamets (2000) recommended that 
substrate moisture content should be between 60 and 75%. Thus, the moisture content of the 
sole maize substrate (Figure 4.1) was within the range, but at the lower boundary of the 
moisture required for optimum mycelium colonization.  
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Figure 4.1 Substrate moisture content 
Temperature and relative humidity also play an important role during the growth period of the 
oyster mushrooms. Stamets (2000) reported that the growth rate of P. ostreatus accelerated 
when incubated under temperatures between 15 and 20°C. In addition, Stamets (1993) 
recommended different relative humidity levels for different developmental stages for oyster 
mushrooms, 90 to100% for spawn running, 85 to 95% for primordial formation and for fruit 
body development in the range between 95 and 100%. The temperatures for both experiments 
(from 2 March 2011 to 30 April 2011 and from 7 March to 10 May 2012) are given in Figures 
4.2 and 4.3.  
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Figure 4.2 Temperature within the bags and the ambient room temperature (taken 
midday) for 2011 
 
Figure 4.3 Temperature within the bags and the ambient room temperature (taken 
midday) for 2012 
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Primordial emergence 
Primodia initiation, the second stage of mycelia growth in the cultivation of mushroom, is 
dependent on the type of substrate used (Vetayesuporn, 2007). The spawn run on the mixture 
of maize and pineapple substrate lasted for 20 days and the primordia emerged on Day 23 
after inoculation. These results are in agreement with those of Ahmad (1986), who stated that 
P. ostreatus completed spawn run in 17 to 20 days on different substrates and time to pinhead 
formation was noted to be 23 to 27 days. Similarly, Shah et al. (2004) observed that spawn 
run may take up to 2 to 3 weeks. The spawn run duration difference in the current research 
could be associated with the variation in substrate moisture contents, pH and nutrient content 
at spawning for both the trials conducted in 2011 and 2012 respectively. 
 
4.4.2 Mushroom yield and biological efficiency 
The maize-alone substrate (M) resulted in poor mycelium development and a significantly 
lower mushroom yields in both years (Table 4.1). The M+P treatment gave the highest 
mushroom yield (Table 4.1), followed by the pineapple-alone (P) substrate. The maize only 
substrate (M) yielded the least number of mushrooms which is consistent with the poor 
colonization rate observed in the same substrate during the spawn run time. This was the case 
for both years (2011 and 2012).  
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Table 4.1 The mushroom fresh and dry yield when grown on maize, pineapple and 
maize + pineapple (1:1) substrate 
Type of 
substrate 
Mushroom yield parameters 
 Fresh yield (g) 
2011  
Fresh yield (g) 
2012 
Dry weight (g) 
2011  
Dry weight (g) 
2012 
Maize 218
c
 220
c 
38
c 
24
c 
M + P 675
a
 655
a 
81
a 
80
a 
Pineapple 582
b
 550
b 
58
b 
58
b 
Mean 491 475 59 54 
CV%    2  11 14 17 
LSD 18  83 13 15 
*Means with the same letters are not significantly different from each other; M + P: Maize crop residue 
supplemented with pineapple crop residue.  
In agreement with these results, Obodai et al. (2003) compared the growth and yield of P. 
ostreatus mushroom on different lignocellulosic by-products, and reported that mushroom 
yield was directly related to the mycelium growth in the substrate. Due to varying nutrients in 
the substrates, different mushroom yields have been recorded by various workers. Fanadzo et 
al. (2010) reported a 97% biological efficiency after cultivating P. ostreatus on maize straw. 
Chukurah et al. (2012), on the other hand, reported a 20% biological efficiency after 
cultivating oyster mushroom on maize straw. The superiority of the mixture of maize and 
pineapple substrate was also evidenced in biological efficiency (90%), followed by pineapple 
alone (78%). The biological efficiency in the maize alone substrate was as low as 29% 
(Figure 4.4).  
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Figure 4.4 Biological efficiency of Pleurotus ostreatus grown on maize, pineapple and 
maize + pineapple (1:1) in 2011 and 2012 respectively 
Different ranges of biological efficiencies have been reported from the use of different 
substrates for oyster mushroom cultivation. When P. ostreatus was grown on sawdust, a 
biological efficiency of 64.69% was obtained (Shah et al., 2004). Masenda (2004), on the 
other hand, reported a biological efficiency of 200% for the same species grown on 
groundnut shells supplemented with cotton-seed hulls. In addition, reports indicate that the 
use of supplements in oyster mushroom cultivation significantly increases yield (Masenda, 
2004; Fanadzo et al., 2010; Mwita et al., 2011).  
 
The higher yield in the pineapple-supplemented maize substrate could be attributed to an 
improvement in the structure and nutritional content of the substrate, making it suitable for 
mycelia growth, and subsequently increasing the mushroom yield. These results are 
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consistent with that of Nageswaran et al. (2003), who reported an increase in biological 
efficiency after supplementing paddy straw with water hyacinth.  
 
All the mushrooms had a light and velvet-like texture, probably resulting from the relatively 
high light intensity and humidity in the culturing room (Pakela, 1997). The results presented 
in Table 4.2 show that caps of fruiting body that were harvested from pineapple substrate had 
larger diameter compared to those grown in the maize alone substrate, although the difference 
was not statistically significant. Stem length showed the same pattern as that of cap size. It 
was the shortest in the maize alone substrate, but no significant differences were observed 
among the treatments. The size of mushroom is essential for market purpose, where a wide 
cap as well as a long stem is desirable to consumers.(Mwita et al., 2011).  
Table 4.2   Diameter of cap and length of stem (cm) of oyster mushrooms grown on 
pineapple, maize and in combination 
Treatment  Diameter of cap 
(2011) 
Diameter of 
cap (2012) 
Length of stem 
(2011) 
Length of 
stem (2012) 
Pineapple 8.41
a 
 5.25
a 
6.11
a 
   3.52
a 
M+P 7.42
a 
 6.25
a 
6.70
a 
   4.33
a 
Maize 5.85
a 
 5.42
a 
4.94
a 
   3.50
a 
Grand mean            7.23      5.64          5.92                       3.78 
CV%           22.30    18.20        19.40                      30.90 
LSD                        2.57      1.64          1.84                       1.87 
 
Other factors that could affect quality of mushroom are pest and diseases (Illankoon and 
Wijesekara, 2002). In the current trials, pest incidence was observed. Certain injuries from 
pests were noticed on the caps of the mushrooms grown on the sole maize substrate and 
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pineapple supplemented with maize (Figure 4.5), which was not the case on the mushrooms 
grown on the sole pineapple substrates. The causal organism could not be determined. 
 
 
Figure 4.5 Pest injury on oyster mushroom cap 
 
4.4.3 Protein and cadmium contents  
Protein content 
Table 4.3 shows that fruiting bodies of P. ostreatus harvested from the maize substrate had 
the highest protein content, followed by those harvested from the pineapple and maize-
pineapple mixture substrates. Reports indicated that protein content of mushroom increases 
with nitrogen content in the substrates (Sharma and Madan, 1993). Stamets (2000) observed 
that  maize crop residue contains a higher nitrogen (1.84%) compared to pineapple vegetative 
material (0.64%), which could be an explanation for the relatively higher protein content in 
the mushroom grown on the maize substrate in the current experiments. Higher 
concentrations of heavy metals in substrates have also been reported to reduce biological 
efficiency and protein content of mushrooms (Das, 2005).   
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Table 4.3 The average protein and cadmium content of the mushroom fruit bodies from 
the different substrates for both years 
Treatment Protein (%) Cadmium (mg/kg) 
Maize 23.30 0.04 
Maize + pineapple 18.81 0.15 
Pineapple 18.86 3.30 
 
Cadmium content 
Mushrooms are not selective in taking up nutrients from the substrates. They adsorb even 
heavy metals contained in the substrate materials (Javaid et al., 2011). However, the 
concentration of elements in fruiting bodies could be species dependent (Kalač and Svoboda, 
2000). In agreement with these reports, the fruiting bodies of P. ostreatus harvested from the 
pineapple substrate had the highest level of cadmium (3.3 mg/kg) (Table 4.3), which is more 
than the maximum tolerable level (0.2 mg/kg wet weight) in oyster mushroom, according to 
European Food Safety Authority and FAO/WHO conventions (CODEX Alimentarius, 2001; 
European Food Safety Authority, 2009). However, when the pineapple crop residue was used 
as a supplement to the maize-based substrate, the level of cadmium reduced to levels below 
the FAO/WHO safety standards.  
 
These results supports the report of Dutta et al. (2007), who investigated cost-effectiveness 
and sustainability of mushroom cultivation on substrates contaminated with heavy metals. 
The authors indicated that supplementing the contaminated plant material with other 
substrates minimized the level of heavy metals in P. sajor-caju. Das (2005) also reported that 
mushrooms can act as an effective biosorbent of toxic metals. Thus, the use of sole pineapple 
residue from the Eastern Cape Province as a substrate for oyster mushroom cultivation and 
the subsequent incorporation of the spent substrate into the soil could, therefore, be 
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recommended over the incorporation of the crop residue directly into the soil. However, the 
mushrooms produced would not be fit for human consumption and also the spent mushroom 
substrate would contain high levels of heavy metals (Table 4.4). Reports also indicate that 
heavy metals reduce protein content of the mushroom (Das, 2005).  
 
Table 4.4 Initial cadmium levels in pineapple vegetative material and the final cadmium 
level in the spent substrate 
Substrate  Cadmium (mg/kg) 
Sole pineapple crop residue 8.96 
Sole pineapple spent substrate pineapple 10.7 
Maize-pineapple mix spent substrate 5.15 
 
4.5 CONCLUSIONS 
 
The current results proved that pineapple crop residue can be used as a supplement for maize-
based substrate in the cultivation of P. ostreatus, particularly if the grower wishes to harvest 
within a shorter period of time.  The mixture of maize and pineapple substrate improved 
biological efficiency in this trial.  From these results it can be concluded that mushroom 
producers can use pineapple crop residue to supplement the maize substrate to obtain high 
yield and biological efficiency within a short period of time.  
These results also showed that the abundant pineapple crop residue grown in the cadmium 
contaminated area of the Eastern Cape Province can be utilized to produce mushroom which 
is safe for human consumption but the spent substrate still have cadmium in it and therefor 
incorporation into soil will still be a risk. In addition, the present study highlights that P. 
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oestreatus has a degree of biosorption capacity which could be exploited as a low cost 
technology to solve problems of heavy metal pollution. 
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CHAPTER 5 
SPENT OYSTER MUSHROOM SUBSTRATE USED AS 
GROWING MEDIA FOR POTTED TOMATO PLANTS 
5.1 ABSTRACT 
Recycling of spent mushroom substrate through its use in crop production as a component of 
growing media would provide an environmentally safe disposal. Therefore, the  aim of this 
study was to determine the suitability of composted and un-composted oyster mushroom 
(Pleurotus ostreatus) spent substrates mixed with organic red sandy soils, as potting medium 
for tomato (Solanum lycopersicum). Also, to determine the effect of these mixtures on plant 
parasitic nematodes. The study was conducted at the Agricultural Research Council - Plant 
Protection Research Institute, Roodeplaat, during March to May 2011 and 2012. The results 
showed that plant growth and dry mass yield was significantly higher in the composted spent 
substrate compared to that in the un-composted spent substrate treatment. However, 
symptoms of nematode attack were found on roots of the control, but not on the treatments 
which received spent mushroom substrates. The number of bacteriovores and fungivores was 
higher in both the spent substrate treatments compared to that in the control. These results 
indicate that spent oyster mushroom substrate as a soil amendment promotes growth and 
activities of microorganisms that are antagonistic to plant-parasitic nematodes. 
Key words:  Bacteriovores, fungivores, Solanum lycopersicum, plant-parasitic nematodes, 
Pleurotus ostreatus, spent mushroom substrate 
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5.2 INTRODUCTION 
Plant-parasitic nematodes are small, microscopic roundworms, which live in the soil and 
attack the roots of plants. These nematodes, therefore, result in crop failure as a result of root 
dysfunction, reducing rooting volume, leading to inefficient use of water and nutrients in the 
rhizosphere (Noling, 2005). Plant-parasitic nematodes together with soil infertility are a 
major limiting factor in crop production in the smallholder farming sector. It is believed that 
the incidence of crop failure/damage caused by the plant-parasitic nematodes is relatively 
high in sandy soils and in areas where continuous mono-cropping is predominantly practiced. 
Such areas favour the proliferation of the plant parasitic nematodes (Maqpool and Hashmil, 
1986). 
 
For decades, chemical nematicides have been the sole dependable, effective plant-parasitic 
nematode control method (Hague and Gowen, 1987). Though efficient and working quickly, 
nematicides are now being reappraised with respect to the environmental hazards that they 
pose, and their high costs and limited availability in many developing countries (Maina et al., 
2012). De-registration of some of the more hazardous nematicides has emphasized the need 
for new methods of controlling nematodes. It has been documented that nematicides often are 
unreliable when nematode population densities are high (Dickson and Hewlett, 1988). 
Nowadays, farmers are advised to use environmentally friendly plant pest and disease 
management practices (Duncan, 1991; Akhtar, 2000).  
 
Considerable progress has been made in the utilization of organic materials for the control of 
plant-parasitic nematodes. Nahar et al. (2006) reported that amending soils with organic 
matter minimized yield losses caused by plant-parasitic nematodes through promoting the 
activities of naturally occurring antagonists of the nematodes. These findings consolidate the 
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concept that organic amendments generally could be considered as promising biological 
control method of plant-parasitic nematodes. 
 
Application of animal and plant by-products, along with rotation, cover cropping, are the 
foundation for alternative crop management techniques that aim to reduce the use of synthetic 
inputs in combating plant parasitic nematodes. As organic amendments differ in physical and 
chemical composition (Bulluck et al., 2002), it is reasonable to expect that their effects on 
soil properties and nematode population will vary. Organic amendments improve soil quality 
and may also reduce losses from diseases and pests, and environmental pollution associated 
with the use of chemical fertilizers and pesticides, while increasing crop yield (Nahar et al., 
2006). 
 
After mushrooms are harvested, millions of tonnes of “spent” (used) mushroom substrates are 
available for other uses. The used substrates are far from spent because spent mushroom 
substrates incorporated into agricultural or garden soil has been found to considerably 
increase the yield of some vegetable crops (Kadiri and Mustapha, 2010). Spent mushroom 
substrates are already in wide use, e.g. in horticulture as a component of potting soil mixes 
(Lopez Castro et al., 2008); in agriculture or landscape trades to enrich soil 
(http://cropsoil.psu.edu); in permaculture as a growing medium; and in wetlands for 
remediation of contaminated water. In addition, spent mushroom substrates are used in 
stabilizing severely disturbed soils, in the bio-remediation of contaminated soils, as bedding 
for animals, as an animal feed and to control plant diseases (Rinker, 2002). 
 
Nematodes have not been reported as a pathogen in oyster mushroom cultivation. However, 
they often cause remarkable losses in the cultivation of the button mushrooms. Thorn and 
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Barron (1984) were the first to note that P. ostreatus exudes a metabolite that is toxic to 
nematodes. These exudates cause the nematodes to remain dormant/inactive, while the 
mycelium of the mushroom quickly invades through their orifices, consuming the internal 
organs of the nematode as sources of nitrogen. Thus, it is of interest to investigate the efficacy 
of spent mushroom substrate soil amendment in controlling plant-parasitic nematode in 
vegetable production.  
 
The objectives of this study were, therefore, to investigate effects of composted and un-
composted spent oyster mushroom substrate on biomass yield of tomato plants and on the 
control of plant-parasitic nematodes. 
 
5.3 MATERIALS AND METHODS 
5.3.1 Experiential site description  
The experiment was conducted at the Plant Protection Research Institute (PPRI) of the 
Agricultural Research Council (ARC), Roodeplaat, Pretoria (25° 36′ 53″ S, 28° 21ʹ 55ʺ E, at 
an altitude of 1168 m a.s.l.) during March to May months of 2011 and 2012. The experiment 
was conducted in the open field.  
5.3.2 Substrate preparation 
Composted and un-composted spent oyster mushroom substrates (SOMS) were compared as 
soil conditioners for growing pot plants. The SOMS used for this trial was derived from 
growing P. ostreatus on maize stalk based substrate after two mushroom flushes (after about 
80% of the maximum potential yields) were harvested. The compacted SOMS was hand 
crushed to loosen it. Part of the SOMS was further composted outdoors for the duration of 
two months. 
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5.3.3 Treatments  
The following three growth mixtures were compared as treatments: 
Control (C): red clay soil: sandy soil: manure (at 1:1:1 ratios, respectively); 
C-SOMS: red clay soil: sandy soil: manure: composted spent substrate (at 3:3:2:1 ratios, 
respectively); and 
SOMS: red clay soil: sandy soil: manure: un-composted spent substrate (at 3:3:2:1 ratios, 
respectively). 
5.3.4 Plant culture 
Seeds of tomato (Solanum lycopersicum) were sown in seedling trays filled with a growing 
media composed of red clay soil, sandy soil and manure at a ratio of 1:1:1. Twenty-five days 
after planting, the seedlings were transplanted into 1-liter pots, filled with the three treatment 
mixtures.  
5.3.5 Experimental layout 
The treatments were laid out in a complete random design, each treatment represented by 4 
potted plants as replications.  The plants were watered every 2-3 days depending on the 
growth stage and weather conditions.  
5.3.6 Data recorded 
5.3.6.1 Plant growth 
To determine the impacts of the spent substrate, plant height (from the base of the shoot to the 
apical bud) was measured on a weekly basis, starting from the first week after transplanting 
into the growth media mixtures. At six weeks after planting all plants were harvested and 
fresh mass yields were immediately determined. Thereafter, stems and leaves were oven-
dried at 70
º
C for one week and their dry mass recorded. 
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5.3.6.2 Tissue and substrate mineral content analysis 
Physical and chemical characteristics of the three soil treatments were determined prior to 
potting (planting). For tissue analysis, the oven-dried leaves and stems were milled and a 
pooled sample for each treatment was prepared.  A sample of 1 kg from each of the three soil 
treatments was taken. All the samples were sent to the Institute for Tropical and Subtropical 
Crops (Nelspruit) for analysis. For all samples, P, K, Mg, Ca, S, Mn, Fe, Cu and Zn contents 
were determined. The atomic adsorption spectrophotometery techniques were used for plant 
tissue analysis. Sodium (Na) content was measured only for the soil treatments using the 
flame photometry method (Price, 1972). In addition, electrical conductivity and pH levels of 
the soil treatments were measured in a water-soluble extract or suspension. Physical 
properties, porosity, water holding capacity and wettability of the substrates, were also 
recorded. 
 
5.3.6.3 Nematode population determinations 
To determine the effect of SOMS soil amendments on nematode population, nematode 
inoculum was obtained from the Nematology Unit of the Biosystematics Division, ARC-
PPRI, South Africa. One week after transplanting, 100 g of inoculum was added to each of 
the 12 pots. Six weeks later, the plants were harvested and the roots were sent to the 
Nematology Unit of the ARC-PPRI for root-knot infection examination. The different media 
mixtures were also sent to the same laboratory for nematode population determination. The 
sugar centrifugal flotation technique was used to extract the nematodes (Byrd et al., 1976). 
 
5.3.6.4 Statistical analysis 
Where applicable, the recorded data were subjected to analysis of variance (ANOVA) using 
GenStat 2010 (Appendix 3). Where the analysis of variance showed a significant difference, 
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treatment means were compared using the least significant difference (LSD) test at 0.05 
probability level.  
5.4 RESULTS AND DISCUSSION 
5.4.1 Chemical and physical properties of growth media 
The levels of Ca, Zn, Cu, Mn, Fe and P in the SOMS treatment were higher compared to that 
in control and the C-SOMS’s (Table 5.1), supporting the results reported by Lopez Castro et 
al. (2008).  However, Mg, K, Na, Cl and N were higher in control compared to both the 
SOMS treatments. The high level of Na, Mg, K and Cl explains the high electrical 
conductivity (EC) in C (Chong et al., 1994).  
 
The low EC value in C-SOMS (Table 5.2) could have resulted from the open-air composting, 
which could have led to leaching of salts. This could be a desirable effect of SOMS soil 
amendments, because Na is not an essential element for most plants, as it has a tendency of 
lowering the osmotic potential of the solution in the growth media and soil, thereby reducing 
the water availability (Lopez Castro et al., 2008). Medina et al. (2009) showed that EC value 
increases with an increase of SOMS inclusion in sphagnum peat. Thus, in the present study 
the SOMS inclusion rate was sufficient to lower EC to an acceptable level.  
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Table 5.1 Chemical characteristics of the three growth mixtures used 
Treatments* 
Minerals in the substrate (mg/kg) 
Ca Mg K Na Cl Zn Cu Mn Fe P B N 
C-SOMS 38.8 25.8 559.9 57.8 406.4 0.15 0.08 0.06 0.07 3.2 1.12 3.55 
SOMS 49.1 33.9 573.2 63.0 409.5 0.50 0.26 0.72 53.02 4.3 1.12 3.55 
Control 47.5 37.7 1257.3 136.2 1035.6 0,28 0.06 0.11 3.25 3.2 1.12 3.56 
*C-SOMS: red clay soil: sandy soil: manure: composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*SOMS: red clay soil, sandy soil, manure and un-composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*Control: red clay soil, sandy soil, enriched organic manure (at 1:1:1 ratio, respectively) 
 
Table 5.2 The physical characteristics of the three growth medium mixtures used 
Treatments* 
Soil physical characteristic 
pH EC mS/m Moisture % AFP % WHC % Wett min.sec 
C-SOMS 7.50 240 0.89 3.00 47.46 0.0 
SOMS 7.24 257 0.74 2.33 44.78 0.1 
Control 
7.78 500 0.96 2.96 46.88 0.1 
*C-SOMS: red clay soil: sandy soil: manure: composted spent substrate (at a ratio of 3:3:2:1, respectively;  
*SOMS: red clay soil, sandy soil, manure and un-composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*Control: red clay soil, sandy soil, enriched organic manure (at 1:1:1 ratio, respectively) 
Where EC: Electrical conductivity, AFP: Air filled porosity, WHC: Water-holding capacity, Wett: Wettability 
 
The level of boron was not affected by SOMS soil amendments (Table 5.1). The addition of 
C-SOMS increased the water-holding capacity (WHC) and the air filled porosity (AFP) of the 
growing media (Table 5.2). Similarly, Liang and Chiu (2007) reported that SOMS enhanced 
drought resistance in wheat by increasing water availability to the plants. According to Lopez 
Castro et al. (2008), air filled porosity is an important physical characteristic of growth media 
because adequate proportion of air filled pores are required to adequately support plant 
growth.  
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Generally, the pH in all of the treatments was slightly neutral (7.2-7.8), which could be 
suboptimum for most plant species. The EC values in the C-SOMS and SOMS were within 
the optimum range for plant growth (2.0-3.5 mScm
-1
) (Lopez Castro et al., 2008). The 
addition of 11% (on a volume basis) of composted or uncomposted SOMS to the soil resulted 
in a lower EC compared to that of the control, with an EC level considered high for 
cultivation of most plants. 
 
5.4.2 Biomass yield 
Biomass yield parameters are presented in Table 5.3.  The results indicate that there was no 
significant biomass yield difference between C-SOMS and the control. The lowest biomass 
yield was harvested from SOMS, the treatment that received un-composted SOMS. Axillary-
bud growths were observed to be consistently higher in the C-SOMS and control treatment 
compared to that on plants in the un-composted SOMS in both growing seasons.  
 
Table 5.3 Wet weight, biomass yield and % dry matter of tomato for Season 1 and 2 
Treatment* Wet 
weight (g) 
(2011) 
Biomass 
yield (g) 
(2011) 
% dry 
matter 
(2011) 
Wet 
weight (g) 
(2012) 
Biomass 
yield (g) 
(2012) 
% dry 
matter 
(2012) 
C-SOMS 
35.88b 6.75a 18.88b 35.28b 7.24b 20.53a 
SOMS 
27.77a 4.61b 16.63a 27.55a 4.63a 16.83b 
Control 
45.42c 7.55a 16.60a 46.31c 7.76b 16.80b 
Grand mean 36.36 6.30 17.37 36.38 6.54 18.05 
CV% 9.7 8.9 4.7 5.2 5.4 7.3 
L.S.D 5.63 0.896 1.31 3.05 0.563 2.115 
*C-SOMS: red clay soil: sandy soil: manure: composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*SOMS: red clay soil, sandy soil, manure and un-composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*Control: red clay soil, sandy soil, enriched organic manure (at 1:1:1 ratio, respectively) 
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Lopez Castro et al. (2008) discovered that spent mushroom (Pleurotus spp.) substrate yielded 
more biomass of Salvia officinalis plants than that of the nursery soil. The authors also 
noticed that washing the spent mushroom substrates significantly reduces biomass yield. In 
agreement with the current results, Kadiri and Mustapha (2010) reported that C-SOMS 
produced better results on the vegetative growth and yield of cowpea and tomato than un-
composted mushroom substrate. They attributed this to the release of nutrients into the 
compost during the composting process.  
 
In an experiment that investigated the possibility of using spent mushroom substrate in the 
production of horticultural seedlings, as a substitute for some parts of peat in the growing 
media, Medina et al. (2009) noted that the fresh shoot mass of tomato and pepper seedlings 
decreased as the proportion of the spent mushroom substrate increased in the media. They 
also observed that seedling biomass was lower when 100% SOMS was used. In the current 
study, no significant biomass yield difference was observed between C-SOMS and the control 
treatment, which can be attributed to the composting process and the relatively low inclusion 
rate (11%).   
 
5.4.3 Plant height 
The height of the plants grown on C-SOMS was slightly lower than that on the control 
(Figure 5.1). Plants of the SOMS treatment gave a remarkably lower height and biomass 
(26.9% and 38.9%, respectively) than that of the control. This is in agreement with the results 
of Lopez Castro et al. (2008), who observed a reduced plant height on plants cultivated on 
spent mushroom substrate and washed mushroom substrate.  
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Figure 5.1 Weekly tomato plant height measurements 
Treatment 1(C-SOMS): red clay soil: sandy soil: manure: composted spent substrate (at a 
ratio of 3:3:2:1, respectively);  
Treatment 2 (SOMS): red clay soil, sandy soil, manure and un-composted spent substrate (at 
a ratio of 3:3:2:1, respectively);  
Control: red clay soil, sandy soil, enriched organic manure (at 1:1:1 ratio, respectively) 
 
5.4.4 Tissue analysis 
Plant shoot analysis results for macro-nutrients are presented in Table 5.4. Nitrogen contents 
in plants grown on SOMS and C-SOMS amended growing media were lower than in the 
plants grown on the control growth mixture (Table 5.4). Phosphorus content was the lowest in 
the plants harvested from the control treatment (12% and 49% less than that of the plant 
grown on SOMS and C-SOMS treatments, respectively).  
Table 5.4 Macro-nutrients in tomato shoots grown in different SOMS treatments  
Treatments* Nutrient contents (%) 
N % P % K % Ca % Mg % 
C-SOMS 
0.87 0.358 4.05 0.72 0.367 
SOMS 
0.93 0.478 4.21 0.87 0.454 
Control 
1.25 0.32 5.38 0.51 0.389 
*C-SOMS: red clay soil: sandy soil: manure: composted spent substrate (at a ratio of 3:3:2:1, respectively;  
*SOMS: red clay soil, sandy soil, manure and un-composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*Control: red clay soil, sandy soil, enriched organic manure (at 1:1:1 ratio, respectively) 
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Calcium level also showed similar trends as that of P, that is, Ca was 41% and 71% higher in 
the C-SOMS and SOMS treatment, respectively, than in the control treatment. However, the 
K content in both of the SOMS treatments was lower than that in the control (25% and 22% 
lower for C-SOMS and SOMS treatments, respectively). Jordan et al. (2008) also reported 
that spent mushroom substrate contains remarkable amounts of nutrients, particularly 
phosphorus and potassium, which are readily available to plants. 
 
Micro-nutrient analysis results are summarised in Table 5.5. Both the C-SOMS and SOMS 
treatments resulted in low Fe levels (65% and 52% lower than that in the control, 
respectively). Manganese (Mn) level was lower only in the C-SOMS treatment with regards 
to the control, reflecting lower levels of Mn in the substrate compared to the control. With 
regards to Fe, even though its levels had been higher in the SOMS treatment compared to that 
of the control. SOMS plants showed values that are 52% lower in Fe content than that of the 
control (Table 5.5). 
 Table 5.5 Micro-nutrient contents of tomato shoots grown in different spent oyster 
mushroom substrate forms 
Treatments 
Nutrient contents (mg/kg) 
Zn Cu Mn Fe B 
C-SOMS 32.0 6.0 18.0 89.0 46.0 
SOMS 47.0 9.0 25.0 121.0 42.2 
Control 29.0 8.0 19.0 254.0 41.6 
*C-SOMS: red clay soil: sandy soil: manure: composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*SOMS: red clay soil, sandy soil, manure and un-composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*Control: red clay soil, sandy soil, enriched organic manure (at 1:1:1 ratio, respectively) 
 
74 
 
The addition of 11% C-SOMS to the soil improved properties of the resulting substrates, 
showing positive effects on air-filled pore spaces and nutrient levels. This did not only result 
in plant biomass increase, but also improved the nutritional status in plant tissues. With 
regards to the SOMS, potential use of SOMS in the substrate formulation could not be ruled 
out, because the physical properties of the soil amended with that substrate showed similar 
effect to that of the C-SOMS treatment: its EC was within the optimum values, and no 
fertilizers were added.  
 
5.4.5 Nematode infestation 
Table 5.6 presents root-knot infection rates that were recorded six weeks after inoculation of 
growing media of potted tomato with nematodes. The data show that no nematode symptoms 
were found on the roots of the plants grown on the SOMS and C-SOMS amended growing 
media. Growth of small galls on the root systems of plants grown on growth media that did 
not receive SOMS (control) indicates that SOMS probably suppresses nematode growth. 
 
Table 5.6 Rating for root-knot infestation of root samples of tomato plants  
Treatment 
Replications 
I II III IV 
C-SOMS  0 0 0 0 
SOMS 0 0 0 0 
Control 1 2 1 2 
*C-SOMS: red clay soil: sandy soil: manure: composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*SOMS: red clay soil, sandy soil, manure and un-composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*Control: red clay soil, sandy soil, enriched organic manure (at 1:1:1 ratio, respectively) 
Where score 0 score: no infection; 1: small galls that can be detected upon close examination; and 2: small galls 
as in rate “1” but are more in number and easily detectable. 
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It is well established that organic soil amendments have beneficial effects on soil physical 
and chemical properties, soil biological activity, and crop viability (Akhtar, 2000). Some 
organic amendments contain preformed compounds toxic to nematodes that are released 
following their addition to the soil.  These nemato-toxic compounds could alter levels of 
plant resistance/inhibition to growth of parasitic nematodes and increase populations of 
bacteria and fungi that are parasites to nematodes (Stirling, 1991), which could be the case for 
the current results.  
 
Supporting the previous discussions and the results in Table 5.6, the populations of 
bacteriovours and fungivours were higher in the samples taken from the SOMS treatments 
compared to that in the control treatment (Table 5.7). According to Khattak and Khattak 
(2011), incorporating of SOMS into the seedling beds/trays provides food for the bio-agents 
and enhances the fertility of the growing media. Oyster mushrooms have been reported to 
have the abilities to trap nematodes (Stamets, 2000). From the results of this study, it is 
evident that the control of plant-parasitic nematodes is possible through SOMS soil 
amendments practices in areas that experience nematode problems.  
Table 5.7 Nematodes extracted from the root and soil samples   
    Bacterivore Fungivore Omnivore Predator Meloidogyne spp. 
Control Root 25 5.0 0.0 0.0 15 
  Soil 80 0.0 0.0 305 5.0 
C-SOMS Root 40 5.0 0.0 0.0 0.0 
  Soil 130 25 0.0 110 0.0 
SOMS Root 0.0 35 0.0 0.0 0.0 
  Soil 190 50 0.0 100 0.0 
*C-SOMS: red clay soil: sandy soil: manure: composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*SOMS: red clay soil, sandy soil, manure and un-composted spent substrate (at a ratio of 3:3:2:1, respectively);  
*Control: red clay soil, sandy soil, enriched organic manure (at 1:1:1 ratio, respectively) 
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The results in Table 5.7 indicate that SOMS soil amendments created conducive conditions 
for the bacterivore and fungivore population growths. The number of these microorganisms 
was the highest in the soil amended with the SOMS, followed by the C-SOMS.  To the 
contrary, the number of predators in the control treatment was threefold that in the SOMS 
amended soils.  Root knot nematodes (Meloidogyne spp.) were found on the roots and soil 
samples from the control treatment only. Spent substrate most likely provided food for the 
bio-agents (Khattak and Khattak, 2011).  
 
5.5 CONCLUSIONS 
In conclusion, the use of growing media composed of two parts soil with high organic matter 
content and one part C-SOMS improved the growth and nutritional status of potted tomato 
plants. This improvement can be attributed to the C-SOMS, which optimised the porosity and 
enhanced the content of certain essential mineral nutrients in the growing media. It can also 
be suggested that the composting of SOMS is necessary to improve the nutrient status of the 
substrate. The incorporation of spent mushroom substrate into the soil helps in combating 
plant parasitic nematodes.  
 
Organic soil amendments stimulate the activities of microorganisms that are antagonistic to 
plant-parasitic nematodes. The decomposition of organic matter results in accumulation of 
some compounds that may be nematicidal in the soils. Control of plant-parasitic nematodes 
can be by improvements of soil structure and fertility, alteration of the level of plant-
resistance, and release of nemato-toxic compounds, parasites (fungi and bacteria) and other 
nematode antagonistic micro-organisms (biological control agents). 
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CHAPTER 6 
GENERAL DISCUSSION, CONCLUSIONS AND 
RECOMMENDATIONS 
6.4.5 DISCUSSION 
Oyster mushrooms are highly nutritious products that can be grown from lignocellulosic 
waste materials and are rich in crude fibre and protein. Mushroom cultivation technology is 
environmentally friendly. The cultivation of oyster mushrooms utilising maize crop residue, 
invasive acacia tree leaves and branches, pineapple residue and various categories of waste 
products could readily be adopted in rural communities in South Africa applying low 
technologies. The spent substrate left after harvesting the mushrooms, which is entangled 
with mycelia, are biochemically modified by the mushroom enzymes into a simpler and more 
readily digestible form, and is a good organic fertilizer for use in crop production. This thesis 
presents the first study of the use of invasive acacia trees as alternative substrate in oyster 
mushroom cultivation and the use of spent oyster mushroom substrate to combat plant 
parasitic nematodes. The current studies were aimed at gaining greater knowledge of the 
different substrates that can be used in oyster mushroom cultivation and the effect of spent 
mushroom substrate on plant parasitic nematodes. 
 
The second chapter of this thesis is the literature pertaining to the topic of investigation and 
several aspects were highlighted. The various chapters consist of manuscripts to be submitted 
for publication in scientific journals, as each has its own discussion only a brief overview of 
the experiments will be discussed in this chapter.  
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The use of invasive plants, such as water hyacinth, lantana and cattail, in the cultivation of 
oyster mushrooms have been studied before with the results showing that they can be utilised 
as substrates for oyster mushroom cultivation (Vats et al., 1994, Nageswaram et al., 2003, 
Vetayasuporn, 2007). In this study, notwithstanding the low biological efficiency obtained 
from the three invasive acacia species, they show potential to be used as supplement 
substrates in oyster mushroom cultivation. Amongst the three acacia species substrates 
studied, black and silver wattle could be used as supplements to cereal based substrates. 
 
The substrate’s initial moisture content is of paramount importance, according to Stamets 
(2000). Substrate moisture content should be between 60 and 75%. The substrate moisture 
content of the black wattle with no lime and the green wattles with no lime was 56.8%. This 
resulted in a slow and wispy mycelia growth, as a result all the bags were contaminated, and 
removed from the growing room. The effect of moisture was also observed on the spawn 
running period with wheat straw which had a 66% moisture content having short period to 
complete spawn run (20 days). 
 
The supplementation of wattle with maize bran resulted in a rise in the inside bag temperature 
during spawn run period and as a result all the bags were contaminated. This was due to 
increased nutrient content which resulted in an increase in resident bacteria and competitive 
moulds in the substrate. Atikpo et al. (2008) also observed an increase in temperature after 
supplementation with delayed release supplements (fish waste). The high temperatures 
recorded in this experiment resulted in the death of mushroom mycelia and contamination by 
weed fungi. The bags were removed from the growing room to avoid further contamination. 
In agreement with this, Fanadzo et al. (2010) noted a reduction in mushroom yields after 
maize bran was used as supplement. The authors attributed the reduction to maize bran, 
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which contains relatively high starch and oil content, its readiness to ferment, and high 
nitrogen content which triggers faster metabolic activity. To further substantiate the above 
argument, an attempt to correlate oyster mushroom yield against temperature of the bag 
during incubation showed a significant negative correlation (-0.61). 
 
Wheat straw gave the highest mushroom yield and it was significantly different from that 
recorded for all wattle substrates at a confidence level of 95%. This can be attributed to the 
faster rate of the spawn run. There was no significant difference in yield between SW + WS + 
lime and BW + WS + lime at a confidence level of 95%. SW - lime had the lowest mushroom 
yield. The low yield obtained by the wattle alone and in combination can be contributed to 
the low pH at spawning. Wattle is highly acidic because of its high tannin content (Brown 
and ko, 1997). Stamets (2000) stated that the suitable pH for oyster mushroom cultivation 
must be between 6.0 and 8.0. Soaking the wattle substrate in lime for 12 hours resulted in a 
higher mushroom yield because the lime helped increase the pH level. Such a result reveals 
the importance of raising the pH of the wattle substrate by either increasing the amount of 
lime or by extending the period of soaking in order to leach out the tannin content. There was 
a positive correlation between pH at spawning and mushroom yield. 
 
Pineapple crop residue was utilized as substrate for oyster mushroom cultivation. The 
pineapple-alone substrate showed the fastest mycelium growth, followed by the maize and 
pineapple substrate.  The maize-alone substrate showed poorer mycelium development and 
lowest yields. This could be attributed to the moisture retention of the maize substrate 
compared to that of the pineapple substrate and the mixture of maize and pineapple. The 
substrate composed of a mixture of maize and pineapple material had the highest BE (90%), 
followed by pineapple alone (78%) and the lowest being the maize alone (29%). Mixing of 
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the substrates has an advantage of improving the water holding capacity of the substrate and 
also improves the substrate nutritional content (Fanadzo et al., 2010). 
 
Fruiting bodies of P. ostreatus harvested from the maize substrate yielded the highest protein 
content (23.3%).  The protein contents of the mushroom grown in pineapple and in maize 
supplemented with pineapple were lower, 18.9% and 18.8%, respectively. Pineapple crop 
residue has a lower nitrogen content compared to maize crop residue. 
 
Higher concentrations of heavy metals in substrates have been reported to reduce biological 
efficiency and protein content of mushrooms (Das, 2005). Fruiting bodies of P. ostreatus 
harvested from the pineapple substrate had the highest level of cadmium (3.3 mg/kg), which 
is more than double the maximum level indicated as tolerable (1.5 mg/kg) in foodstuffs by 
FAO/WHO (CODEX Alimentarius, 2001). However, when the pineapple material was used 
as a supplement to the maize, the level of cadmium was greatly reduced to levels below the 
FAO/WHO standards. This is in agreement with Jain et al. (1989), who state that the content 
of a particular element in the fruit bodies is higher when grown on the substrate containing a 
higher amount of that element. 
 
After the mushroom crop was harvested from the maize-based substrate, the spent substrate 
was used in a soil growth media mixture for tomato cultivation. There was no significant 
difference between the composted spent oyster mushroom substrate (C-SOMS) treatment and 
the control (soil used in pot plant cultivation) (in terms of biomass yield). However, there was 
a significant difference between the un-composted spent oyster mushroom substrate (SOMS) 
treatment and both the control and the composted spent oyster mushroom substrate treatment. 
The addition of 11% composted SOMS to the soil improved the properties of the resulting 
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substrates, showing positive effects on air filled porosity (AFP) and nutrient levels, which not 
only resulted in plant biomass increase but also in the improvement of the nutritional status of 
plants. With regards to the SOMS, its potential use in substrate formulation is not discarded 
because the physical properties of SOMS treatment were similar to those of the C-SOMS 
treatment; its EC was within optimum values; and no fertilizers were added. The chemical 
characteristics of a substrate can be modified by the grower during plant growth. The lower 
EC value obtained from the C-SOMS could be due to the fact that it was composted outside 
during the rainy season and some of the salts were leached away. 
 
Symptoms of nematode attack were found on the control and not on the C-SOMS and SOMS 
treatments. Organic amendments to soil have beneficial effects on soil nutrients, soil physical 
conditions, soil biological activity and crop viability (Kang et al., 1981). Some organic 
amendments contain preformed nemato-toxic compounds that are released following 
application in the soil (Stirling, 1991). Thus, organic amendments alter the level of plant 
resistance to plant parasitic nematodes, release nematotoxins and increase population of 
bacterial and fungal parasites (Stirling, 1991). To further substantiate this, the population of 
bacteriovours and fungivours in the soil samples was high for C-SOMS and SOMS 
treatments as compared to the control. 
 
6.2 CONCLUSIONS  
It is clearly indicated that even if the wattle trees are undesirable invasive weeds, they 
provide an economically acceptable substrate. Mixing of the wattle with maize bran results in 
death of mushroom mycelia leading to contamination of bags. Substrate moisture is also 
important for the faster and uniform colonisation. It can be concluded that BW and SW show 
potential as a supplement to grass based substrates for oyster mushroom production and 
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results in higher protein content of fruit bodies. To increase the BE, the wattle substrate needs 
to undergo a longer leaching period in lime water to reduce the tannin content. Furthermore, 
the pH of the mixture must be increased from pH 5.8 to a pH of 6.5 - 7.0 by the addition of 
lime.  
 
Pineapple crop residue can be used as a supplement for maize substrate in the cultivation of 
P. ostreatus, particularly if the grower wishes to harvest within a shorter period of time.  The 
mixture of maize and pineapple yielded the highest biological efficiency (BE) in this trial.  
From these results it can be concluded that a grower can use pineapple vegetative material to 
supplement low-input-grown maize substrate to obtain high yield and BE within a short 
period of time. However, protein content of oyster mushrooms may be reduced if pineapple 
crop residues are applied as supplement. 
 
The use of cadmium-contaminated pineapple vegetative material as a substrate supplement in 
oyster mushroom cultivation reduces the level of cadmium in the fruiting body to tolerable 
levels, depending on levels initially present and the proportion of contaminated material in 
the final substrate mixture. Obviously, it would be preferable to use substrate that is largely 
free of heavy metal contamination.  
 
The use of substrate composed of two parts soil with high organic matter content and one part 
composted spent oyster mushroom substrate resulted in improvement of growth and 
nutritional status of Solanum lycopesicum plants cultivated in pots. It can be argued that the 
composting of SOMS, which demands time and labour, is necessary to improve the nutrient 
status of the substrate. The incorporation of spent mushroom substrate into the soil helps in 
combating plant parasitic nematodes. Organic soil amendments stimulate the activities of 
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microorganisms that are antagonistic to plant-parasitic nematodes. The decomposition of 
organic matter results in accumulation in the soils of specific compounds that may be 
nematicidal. Control of plant-parasitic nematodes can be by improvements of soil structure 
and fertility, alteration of the level of plant-resistance, release of nemato-toxic compounds, 
parasites (fungi and bacteria) and other nematode antagonists (biological control agents). 
 
6.3 RECOMMENDATIONS 
It is recommended that acacia substrate be used as a supplement to straw based substrates in 
oyster mushroom cultivation. Longer period of soaking in lime is recommended to leach out 
tannins. Further studies are needed to test lower inclusion rates for maize bran and wheat 
straw. It is also recommended that the acacia trees cut down in the Working for Water 
Programme be used in the cultivation of oyster mushroom by the communities involved in 
the project. Pineapple vegetative material can be used as a supplement to straw based 
substrates. Care should be taken to avoid contaminated substrate in oyster mushroom 
cultivation. The use of spent mushroom substrate in plant pot cultivation is recommended 
because it can help solve the problem of plant parasitic nematodes in crop production.  
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APPENDICES 
Appendix 1: Wattle trial  
Variate: days to fruit body formation 
  
Source of variation   d.f.        s.s.             m.s.       v.r.          F pr. 
  
rep stratum                        3      1.273          0.424      0.13   
  
rep.*Units* stratum 
treatment               10          1349.545      134.955        41.43       <.001 
Residual               30     97.727  3.258     
  
Total                            43  1448.545  
 
Variate: days to primodia initiation 
  
Source of variation    d.f.         s.s.   m.s.         v.r.          F pr. 
  
rep stratum                 3      1.273   0.424        0.13   
  
rep.*Units* stratum 
treatment                 10         1046.636        104.664      32.13        <.001 
Residual                 30           97.727            3.258     
  
Total                               43        1145.636  
 
 
 
Variate: days to spawn run 
  
Source of variation     d.f.          s.s.    m.s.         v.r.         F pr. 
  
rep stratum                  3        0.455  0.152        0.05   
  
rep.*Units* stratum 
treatment                  10      860.727        86.073       25.68        <.001 
Residual                  30      100.545        3.352     
  
Total                               43      961.727      
Variate: BE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
  
Rep stratum 3  5.13  1.71  0.03   
  
Rep.*Units* stratum 
treatment 18  70455.59  3914.20  67.58 <.001 
Residual 54  3127.62  57.92     
  
Total                                             75      73588.34 
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Variate: yield 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
  
Rep stratum 3  513.  171.  0.03   
  
Rep.*Units* stratum 
treatment 18  7045559.  391420.  67.58 <.001 
Residual 54  312762.  5792.     
  
Total 75  7358834.       
  
 
Appendix 2: Pineapple trial  
Variate: fresh yield 2011 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
substrate 2  467760.2  233880.1  1925.68 <.001 
Residual 9  1093.1  121.5     
Total                                              11      468853.2 
Variate: dry yield 2011 
   
Source of variation d.f. s.s. m.s. v.r. F pr. 
substrate 2  3716.67  1858.33  26.43 <.001 
Residual 9  632.75  70.31     
Total                                             11        4349.42 
Variate: BE 2011 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
substrate 2  8315.736  4157.868  1925.68 <.001 
Residual 9  19.433  2.159     
Total 11  8335.169 
 
Variate: Diameter of pilius pineapple 2011 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
Treatment 2  13.311  6.655  2.57  0.131 
Residual 9  23.299  2.589     
Total 11  36.610 
 
Variate: Length of Stype pineapple 2011 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
Treatment 2  6.375  3.188  2.41  0.145 
Residual 9  11.921  1.325     
Total 11  18.296        
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Pineapple trial 2012 
Variate: fresh mushroom yield 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
treatment 2  413029.  206514.  76.69 <.001 
Residual 9  24234.  2693.     
Total                                             11        437263. 
Variate: dry mushroom yield 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
treatment 2  6441.19  3220.59  37.98 <.001 
Residual 9  763.22  84.80     
Total                                             11        7204.41 
 
Variate: BE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
treatment 2  7342.73  3671.37  76.69 <.001 
Residual 9  430.83  47.87     
Total                                             11           7773.56 
Variate: Diameter of cap 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
substrate 2  2.282  1.141  1.08  0.378 
Residual 9  9.467  1.052     
Total                                              11          11.749 
Variate: length of stype 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
substrate 2  1.762  0.881  0.64  0.548 
Residual 9  12.335  1.371     
Total                                              11          14.097 
 
Appendix 3: Spent substrate trial  
Variate: wet weight 2011 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
Treatment 2  625.13  312.57  25.20 <.001 
Residual 9  111.63  12.40     
Total                                              11          736.76 
 
Variate: dry weight 2011 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
Treatment 2  18.5361  9.2681  29.52 <.001 
Residual 9  2.8258  0.3140     
Total                                              11        21.3620 
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Variate: % dry matter 2011 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
Treatment 2  13.6709  6.8354  10.13  0.005 
Residual 9  6.0741  0.6749     
Total                                             11        19.7450 
Spent substrate trial 2012 
Variate: fresh mass tomato 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
treatment 2  711.665  355.833  97.87 <.001 
Residual 9  32.721  3.636     
Total                                             11        744.386 
 
Variate: dry mass tomato 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
treatment 2  22.4573  11.2286  90.65 <.001 
Residual 9  1.1148  0.1239     
Total                                             11        23.5721 
 
Variate: % dry matter 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
treatment 2  36.733  18.366  10.51  0.004 
Residual 9  15.729  1.748     
Total                                             11          52.462 
 
 
 
